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THE TACONIC SYSTEM. 



PRELIMINARY OBSERVATIONS. 

§ 1. We are now prepared to engage in that part of American 
Geology which treats of the sediments. It comprehends the 
third division in the proposed classification, the hydroplastic 
rocks, or those which have been laid down in and moulded by 
water. They usually contain in themselves the evidence of 
their origin. Their component particles have been rounded by 
attrition. There are exceptions, however, to the rule, but even 
in those masses which are exceptions, they are so connected 
with those that are made up of sediments that we need not be 
led into error in their determination. The attestation of their 
origin by pebbles is usually confirmed by the presence of fossils. 
Fossils may be contained in the pyroplastic rocks in conse- 
quence of their having overflowed those places where they 
were collected upon the surface; but such instances are com- 
paratively rare, and speak for themselves. Neither fossils nor 
pebbles are ever found in either division of the pyroplastic 
rocks. 

The deposition of sediments has been in progress without 
interruption since water began to accumulate in seas and 
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oceans. This accumulation has not progressed at a uniform 
rate, neither have the same areas been under the dominior^ of 
water during this entire period. Oscillations of land have 
often occurred, so that in fact the oceans may be said to have 
traveled sometimes to the east and sometimes to the west, but 
moving in obedience to those subterranean forces of which I 
have already spoken. 

These movements are indicative of stages in geologic time. 
They seem to have often been paroxysmal, and to have been fol- 
lowed by periods of repose, during which sediments accumu- 
lated quietly upon the ocean's bottom. 

The sequence in which the sediments have followed each 
other, has been an important geological problem. The best 
evidence of sequence or the order in time in which rocks have 
been deposited, is superposition, or the association of the irag- 
ments of the older with the newer rocks. Succession is often 
indicated when the overlying mass contains the materials of the 
older or inferior rock. Sedimentary rocks are the only ones 
which are stratified, stratification implying a succession or 
accumulation of materials under water, which are spread out 
in thin strata over the ocean bottom by the same agent. Dil- 
ferent strata are indicated by the different materials received 
from the land. Sediments require to be studied with reference 
to their kinds, their source, their texture, the rapidity of their 
accumulation, and the time they were forming, and their order 
of succession. 

The first two will give us information as to the direction in 
which the land lay which furnished the sediments; the third 
the probable distance they were transported; the fourth, with 
information respecting the force and rapidity of the transport- 
ing streams and currents, and the probable existence of floods 
alternating with drouths. Sediments are measuring lines, all 
things being equal; they reach into past time directly according 
to their thickness. The table of arrangraent of rocks shows that 
the older sediments are thicker in their periods and stages than 
the new. Comparing the Palaeozoic with the Kainozoic sedi- 
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ments, the disparity is immense. The divisional lines of the 
great triads of past time, as measused by the sediments, show a 
rapidly diminishing rate from the bottom to the top. The base 
is immensely spread out in the Taconic system^ but the systems 
converge rapidly from the carboniferous, as if in the long pre- 
paratory stages for man's entrance upon the scene of earth's 
conflicts, nature had become impatient, hastened the later 
periods to their ends by crowding the greatest events into 
smaller spaces. 

^ 2. But it is not with sediments only, that the geologist has 
now to deal. In the sediments are the vestiges of life. Since 
the sediments began to collect, we know that this new element 
was introduced upon the globe. But life does not seem to have 
begun with the sediments, for they appear to have been accu- 
mulating for immense periods before we find even traces of it 
in their beds. The precise time is not yet determined, but it 
appears now that it was clothed in a humble dress, that it 
began in the lowest rank both in vegetables and animals, and 
that they began simultaneously and as occupants only of the 
seas. 

Sediments, are distinctly separated from the massive and 
laminated igneous rocks, and the line of demarkation is well 
defined. We have therefore a distinct sedimentary base. 

§ 3. Life, beginning in the sediments, has also a base which 
is termed the palceozoic base. The use of this term seems to 
imply that there is also another base, but it means simply, the 
period when life first appeared upon the earth. Virtually, 
however, we may work instructively from a mesozoic or a 
kainozoic base; for in either case, it is possible to make com- 
parisons of the organisms in their aggregate belonging to either 
of those divisions. It is well established by observation that 
the organisms preserved in each of these grand divisions difiier 
on a whole from each other. 

Sediments, taken in conjunction with life, are the elements of 
our knowledge of geologic time, or the events which occurred 
long prior to the historic era. Since the historic era, events 
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Strictly geological have been recorded with the passing events 
of the day. But the events prior to history are recorded only 
in the physical phenomena in the earth's crust. Their inter- 
pretation is the highest duty of the geologist. As an illus- 
tration of interpretation of phenomena we may cite the occur- 
rence of volcanic dust as interpolated in beds among the 
sediments; or, the flexures and wrinkling of strata, the first 
showing the activity of volcanic forces in past time similar to 
that of our own, the latter also of earthquake movements, 
diflering in no respect in kind from those of the present. The 
course of nature therefore, in the long run, has been uniform. It 
has been governed by the same laws in the remote, as in 
recent times. Life, it is well known, does not admit of wide 
deviations from certain normal conditions of the earth's atmo- 
sphere or its waters. The limits within which the integrity of 
vital forces can be maintained, are within narrow bounds. 
Hence, its frequent interruption. The types of animal and 
vegetable life are few, and however protracted time has been in 
the past, they have never been increased since the middle of the 
Silurian system was laid down. 

Perturbations of the earth's crust are cotemporaneous with the 
changes in the organic world; tjiey seem to mark the outgoing 
and incoming of the geologic periods. The systems are par- 
ticularly indicated by physical changes. Hence the outgoing 
of organic forms are connected together as cause and eflect 
with the perturbations of the earth's crust. We are not, how- 
ever, to carry this doctrine too far; facts seem to show that 
many species survive a perturbation, and in historic times spe- 
cies have become extinct from causes which can not be traced 
to perturbations of the earth's crust. 

The sediments with their organisms is a richer field for 
thought than the pyrocrystalline masses. The former, it has 
been aptly said, contain the medals of creation. 
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OF THE OLDEST SEDIMENTS. COLLECTIVELY THEY FORM THE 
TACONIC SYSTEM. ITS BASE, AND THE ORDER OF INVESTIGA- 
TION, ETC. 

§ 4. My first business is to sketch a picture of the oldest of 
the sediments, as they are exhibited in a series which collect- 
ively constitute the Taconic system, and as it is developed in 
the Taconic ranges of Berkshire and the adjacent country imme- 
diately north and south. It is of the first importance to state 
the constitution of the masses, and to connect therewith a state- 
ment of their relations, as they appear, in the order of their 
sequence, taking occasion also to make such comparisons with 
other systems, as the nature of the facts and phenomena require. 

The natural order, and the one which should be followed, is 
to begin at the base. We then follow up the series in the order 
of events. It is impossible to work down to a base^ certainly 
such a course deprives us of a continuous narrative; it would 
be like reading American history backwards — beginning with 
Franklin Pierce and going back step by step, to George Wash- 
ington and the events of the Revolution. 

The Taconic system has a clear and well defined base, which 
is rarely obscured by passages into the primary schists, the 
pyroplastic rocks, sienites or granites. We have no interme- 
diates, and no masses which may not be distinguished, either 
by their composition, or their relations to conglomerates and 
pebbly beds, the invariable characteristics of sediments. It 
appears therefore, that we are justified in the conclusion, that 
when the base of this system was laid down, water bad become 
an established element upon the face of the globe, not subject 
to dissipation in vapors by excessive heat of its crust, for the 
pebbles in the rocks exhibit an attrition similar to what takes 
place upon our shores at this day. If my views are correct, 
and I have endeavored to sift them of error, we can go back no 
farther; we have no older sediments. When, in 1836, 1 deter- 
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mined that in New York, the Potsdam sandstone was the base 
of the Silurian system, it seemed that we had at that time, the 
base of the sediments; but, when, two years subsequently, I had 
observed the same base resting on sediments still older, as those 
along the eastern side of Champlain and elsewhere, it became 
evident that there was still a series older than the Silurian. The 
proof of this has been accumulating ever since; ind theTaconic 
system is found to rest upon primary rocks without an exception; 
and it has now been observed through the whole length of the 
states, from N. E to S. W. It is worthy of note, that through 
this whole extent, the base is continuous. The most northeasterly 
point at which I have observed this system, is at the Fox Islands, 
off the coast of Maine; but I have good reason to suspect its 
existence in Newfoundland. If so, it ranks among the most 
persistent geological formations of this country. 

§ 6. The evidence of the existence of a system of rocks, be- 
neath and older than the Silurian system in this country, rests 
on many well determined facts. These facts are not all of equal 
importance; but those which are not direct, serve to corroborate 
and sustain those which are. The facts which bear directly 
upon the evidence alluded to are superposition, succession, un- 
conformability and the presence of fossils distinct from those of 
the Silurian system. Those which corroborate and sustain the 
independent existence of the system are, a thickness greatly 
superior to the Silurian system, an arrangement of its masses 
quite different from the latter, and the absence of fossils where 
they should exist, provided there is a correlation of the two 
series. The foregoing views will appear more conclusive when 
we take into account the fact that the lower Silurian rocks of 
this country, consist of well determined members through their 
whole extent; they are arranged in a determinate order, and 
hence are more easily recognized by their fossils, and also by 
their lithological characters. The lower limestones, it is true, 
are not eminently rich in fossils at every location, but they may 
be discovered by careful search, and moreover the true calcifer- 
ous area, if wanting in fossils at any given place, is readily 
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known by its relations. The present advanced state of the sci- 
ence requires of the geologist no better evidence of age, or abet- 
ter foundation for establishing the age and infra position of the. 
Taconic system, than the determination of the foregoing facts. 
This is especially true, when we have sifted our observations of 
certain errors which might occur in regard to superposition of 
an older rock upon a newer by excessive derangements. For- 
tunately, the most important points where superposition and 
succession occur, are those of only moderate derangements; 
indeed, the phenomena neither indicate excessive upheavals, nor 
downthrows, the sliding of the inferior mass upon an older, the 
passage of an anticlinal axis into a fault, nor the deceptive pli- 
cations of contiguous strata; nor lastly, the folding beneath of a 
superior mass, or what we may possibly deem the mistaking of 
cleavage planes for those of deposition. When our observations 
are free from the possibility of error of the foregoing kinds, we 
are forced to maintain that superposition is due alone to succes- 
sion; or we are forced to concede one of two things, either that 
there is a system of rocks older than the Silurian, or else that 
it is possible that to the Potsdam sandstone there succeeds 
^conformable slates, limestones, conglomerates and sandstones 
whose joint thickness is between 25,000 and 30,000 feet, form- 
ing a prodigious appendage to a system whose base, all admit, 
is the Potsdam sandstone. 

Lithological characters should not be neglected, though it is 
true, that in cabinet specimens no reliance can be placed upon 
these characters; yet in the field and when investigated in mass, 
they really become important aids in clearing up the difficulties 
which lie in our path. 

§ 7. If it was my only aim and object to place the evidence I 
have of an independent system of rocks beneath and older than 
the Silurian, I should proceed to point out at once, that there is 
a slate beneath and older than the Potsdam sandstone, or in its 
absence, the Calciferous sandstone, and that a succession of 
rocks of great thickness lie in conformity to this underlying 
slate; and farther, that the members constituting this system, are 
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never incorporated into the Silurian, or lie in conformity^[fiere- 
with; or stand in the relation of sequents to any of its mei^^bers. 
^ This slate I should select because its position would enable me 
to exhibit its relations to the lower Silurian rocks, and this 
would be the more satisfactory and conclusive, inasmuch as it 
is maintained that the Taconic system is only the lower Silu- 
rian, embracing those members which lie between the top of 
the Hudson river group and the Potsdam sandstone. I shall 
not however pursue this plan, as I wish first to exhibit the 
sequence and relations of the members composing the Taconic 
system. In this country, seeing that the lower Silurian system 
is remarkably well developed and defined, it has appeared to me 
that American geologists should avail themselves of this fact 
and employ it as one of the instruments or means for the deter- 
mination of the true palaeozoic and sedimentary bases. It cer- 
tainly gives us important advantages over European geologists. 
The bases of both systems are remarkably well defined, and the 
arrangements of the lower masses in both are so uniform that a 
comparison in detail is by no means difficult. This is true even 
in the disturbed districts. We may admit the existence of 
folded axes, or, that in the eastern district the masses are meta- 
morphic, still the comparison of one with the other need not 
involve us in error. 



ROCKS WHICH GENERALLY COMPOSE THE TACONIC SYSTEM. 

§ 8. The sediments of all systems must necessarily consist of 
the same materials. Sandstones or the debris of the silicious 
rocks, limestones and slates with various intermixtures must 
make up, lithologically, the matter which compose them. Con- 
glomerates and breccias are also constituents in a less amount 
and degree, yet not less important geologically, as they serve 
to mark more distinctly the physical changes which have taken 
place in the course of time, and during which the depositions 
have been going on. 
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T 3 important point to be observed is the arrangement of the 
mateiials, although in the same system at different places there 
may not be a parallelism of deposits, yet there is a great simi- 
larity in districts which are widely separated. The Silu- 
rian system in this country is quite uniform as to the arrange- 
ments of its subordinate members — the northern limits of the 
system in New York is almost identical with the same part of 
it in Virginia and Tennessee; this is especially the case in the 
lower Silurian. The Potsdam sandstone, the calciferous, birds- 
eye, Chazy, Trenton, and the upper slaty and shaly masses, 
can not be distinguished from each other at these wide dis- 
tances. I am not called upon to account for this remarkable 
fact. I have only to state it in this place. This constancy of 
mineral character becomes an available fact, where it is 
necessary to compare the corresponding parts of two adjacent 
systems. For example, a comparison of the lower members of 
the Taconic system with those of the Silurian in this country 
shows a decided diSerence in the mineral constitution. The 
first partakes of the primary character of the talcose and mica 
slates of the pyrocrystalline rocks; indeed, it is often difficult to 
distinguish the lower slates of the Taconic system from the 
schists which are intimately connected with the gneiss and 
hornblende. So close indeed is their resemblance that they 
were regarded by the old Wernerian geologists as primary 
rocks of the same age as hornblende and gneiss; and the same is 
true of the quartz rock occupying the same geological position. 
When, however, we examine the lower Silurian masses their 
origin is not doubtful; they all bear the impress of a sedimen- 
tary origin. This difference has usually been explained by meta- 
morphism. This explanation, however, is not satisfactory, in- 
asmuch as the base of the Silurian system in northern New York 
reposes on the pyrocrystalline rocks, and so far as we at this 
day are able to judge of cause and effect were as likely to have 
become metamorphic in this region as the lower Taconic rocks. 
It has appeared to me, therefore, that the diffierence in physical 
condition is due mainly to composition. The lower Taconic 
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'''.^Jr* kt^ d^tifi-il fVtncAly from the pyrocrystalline rocks, granite, 
X^^*^t fffi^^ ^t*fi talr/i«»« ftlateft; and the latter being Terr ooi- 
>f^^ ffp tjffi$\*ftk\i\hu through the whole length and breadth of 
^M h\^fk\\w.\*'iku %)%U'.ui of mountains, the source from whence 
Uf^if fhf9t^ikl% w#;rederiv(rd, they have of necessity a constancy 
^4 f^ffp^kl r^/ffMitution. So also the same accounts for the 
^Mf^i$hty hi fh«? uiini'ral constitution of the lower Silurian, 
jo^^yt^r fh'^lt'tihlik Uavii be(*n derived from the Taconic system in a 
^/Hff$\M h^U HuA of Hn H|ual extent; and thisview is by no means 
f)f0j*f^^\tH\i YMirN ago, I had obtained masses of a gray sedi- 
fh*^hlt$fjf IfMM'^lonit from the lowest part of the Silurian system at 
^'M/y« ^lUU'U rvkvuMvH inost perfectly the limestone of the Ta- 
Hfith' 4y«i(«*rn in thd neighborhood. The carboniferous system 
ht MhodK Ulnrid in in part composed of talcose slates which 
Nfh^ii)u Hi«' Mli^MiM of lepidodendra; so in the masses of conglo- 
fhMhU^f^ (it Ihn Mmne NyNtcm at Wrentham, Mass., masses of 
IhUimti ^InleN iiid Uy no nu*nns uncommon. All these varia- 
lUiun ol MiliierHl uonMitiition have been attributed, as I have 
nlfi'Mdy loHid, to nietiunorphic action. I can not but regard it, 
howitviif, t\n nronrouN in nil the cases I have cited. While I 
MMWi|/fil/«i MM'tDMiorphlo action us important, I can regard it only 
MA II loiml itiniilti tind llmittHl in its etlocts. At most, such seems 
IM liM IliM ^HMMid upon which it is to be placed in this country; 
Mhd Immmms In rompnrin^ the lithological characters of the sys- 
litnm, II In h\oii) Important to notice the mineral constitution of 
Ihi^h MtKixKirM. IhiM mlnrrul ci^istitution, I maintain, is not a 
nmMMulMiy \\\\)\\\\ U\ for ex»mpK\ we find magnesia as a con- 
hllhii'Ul or \\\v llnM^ntoucvH or tuloi^se slates its presence is to be 
rrUiodrd iw \u\\'\\\^ cvH'xiitt^Ht in the seiliments, and not as ma- 
liMiid whU'l) ImH Uh'u intivducttt subsequently through the 
InlUunu'r ot ohcuucttl niut phv^icul forces. 

"^^Wt Iho r\»ok5^ which v\Hn|K>fiie the Taconic system are sand- 
HtiUU'^t^ oltvn vittilWdi ^Ut^t^ U^th ^reen and black, the former 
YM))in^ Mm\\)wh«^t iu cvm$titutioa« in $$oiue instances they are 
ImK^^w or mM|;)\i^ittnt iu othtt^r^ ar^ilUv.>^>us; and others still may 
mor«> (M\^p«^ily In? dvuvuuin«^tni chloritic; ami limestones purely 
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ciirbonates of lime, containing beds of do* 
loinite, black slates colored with carbon, 
and decomposed sulphurel of inm, and 
calcareous sandstones. Subordinate to these 
rocks, I may also enumerate fine and coarse 
cono;lomerates, breccias, limonites, and 
schists of various colors. The system con- 
tains also veins of magnetic; and specular 
iron, auriferous and cupriferous quartz 
veins, and in the metalliferous districts 
sienitic and compact trap dykes. 

ij 10. The general order in which the 
rocks are arranged is exhibited in figure 1. 
I, conglomerates and breccia at the 
the base of the system. The iron breccia 
and limonite veins occupy this position; 
so also quartz in the condition of an ordi- 
nary sandstone or an even bedded flag- 
stone; andlmayalsoaddtalcDseormagne- 
sian slates alternating both with the quartz 
rock, a, c, d, and the subsequent members; 
2,limestones; 3, slate, which in its usual 
enormous development seems to constitute 
the principal feature of thesystem; all the 
other masses might be regarded as subor- 
dinate beds; 5, slates, which I have de- 
nominated Taconic slates, and which are 
usually of a dark color, and contain beds 
of sandstone, sometimes a purely silicious 
rodt, at other times they are silico calca- 
reous; 6, sparry limestones in the Taconic 
slates; L, limestone; F, fractures. 

This section exhibits ihe order of ar- 
rangement, or the sequence of the mem- 
bers. In certain geographical .districts 
it is ill proximity to the primary schists 
and granites, as in North Carolina and 
Maine; in others, to the primary schists 
and the carboniferous, as in Rhode Island, 
and New York, Virginia, Pennsylvania 
and Tennessee, to the Silurian and car- 
boniferous. 
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THE GENERAL GROUPIXG OF THE MEMBERS OF THE SYSTEM, OR 
THE DIVISION WHICH IS PROPOSED FOR THE TACONIC ROCKS. 

§ 11. The Taconic system is susceptible of a division into two 
parts, the lower and upper — the line of demarkation is tolera- 
bly well defined. The first or lowest division terminates with 
the slate overlying the Stockbridge limestone, 2, 2. The entire 
mass of this division exhibits the primitive schistose aspect of 
the laminated pyrocrystalline rocks, and were it not for the 
presence of conglomerates in this formation, it would still be 
regarded as belonging to a period in the earth's history which 
preceded the deposition of sediments. As the phenomena exist, 
however, it must be r^arded as the sedimentary base of all of 
the hydroplastic rocks. It is in the upper part of the second divi- 
sion that we first find fossils, the fucoids and graptolites of the 
Hoosick roofing slate and the adjacent beds of the same period. 
This fossiliferous part of the division still retains in part the 
primary aspect of the lower beds, but the colors of the slates 
are darker, some are purple and chocolate colored, and the sedi- 
ment is much finer, and more homogeneous. In this part of 
the system, therefore, the rocks are coarse in texture at the base, 
and become finer and homc^eneous in the ascending scale. 
Oak hill itself, with its adjacent mountains of protogine and 
gneiss are the most interesting localities for an exhibition of 
the arrangement of the lower Taconic rocks, in this county. It 
exhibits the junction with the protogine, the order of arrange- 
ment of the members nearly to the first limestone. This order is 
exhibited in figures 1 and 2. But there remain several facts con- 
nected with the localities which require a farther statement In 
addition to the dip of the several masses exhibited upon the first 
section, there is a steep southern slope upon which the masses 
plunge rapidly, and beneath the narrow valley leading from 
Williamstown to North Adams, the formation exhibited upon the 
western slope of Oak hill is lost, in part, beneath the soil of 
the valley. The upper mass of quartz may be seen near the 
Adams road, not far from the bridge crossing the Hoosick. 
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The out crop of the quartz occurs again two miles south near a 
mill at the junction of the Hopper creek and Green river. A 
small part only of the mass is exposed dipping southeast and 
towards the high range of mountains known as Saddle moun- 
tain and Graylock. 

The upper division begins with coarse slates and sandstones, 
and terminates in a fine black slate. These sandstones and 
slates are greenish, and rather chloritic than talcose; and the 
masses, as a whole, often resemble greenstone. This appear^ 
ance is no doubt due to the presence of chlorite and perhaps 
the debris of hornblende. In New York these rocks are by no 
means altered rocks; there are no veins of greenstone or por->' 
phyry in connection with them. The upper part is much more 
protean than the lower. Dark colored slates predominate, but 
they contain a multitude of subordinate beds, as olive sand- 
stones^ intercalated with fine green slates; calcareous sand- 
stones, which weather to a brown or drab, dark green flags with 
fucoids; sparry limestone; green and black slates; beds of 
quartz free from calcareous matter; beds of conglomerates and 
black shaly limestone, which occupy a superior position in the 
series. 

These beds are also interlaminated with a thin bedded sand- 
stone, which we may not be able to identify at distant points, 
or which may prove to be due to local variations, and not 
persistent at distant points. 



BiEMBERS OP THE LOWER TACONIC SYSTEM. THEIR CONSTANCY 
OP MINERAL COMPOSITION. THEIR THICKNESS. ABSENCE OF 
ORGANIC BODIES. 

§ 12. The principal members of the lower Taconic system 
are few in number, for though the beds are numerous, it is not 
deemed necessary to multiply names of rocks where there are 
no fossils, and when the differences are due to position only. For 
example, it is difficult to distinguish the beds of slate which 
lie between the masses of quartz, from those which overlie the 
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limestone. It seems to be one rock prolonged through a long 
period) the continuity being broken occasionally by a substitu- 
tion of silicious and calcareous deposits. 

As the masses referred to possess characters which are 
essentially the same from Maine to Georgia, I shall select for 
description a section which I have worked out in detail, and 
which is also accessible to those geologists who have sufficient 
interest in these rocks to examine and test for themselves the 
truth of my statements. A brief reference will also be made 
to the same rocks which are situated at distant points. 

The second line of section which I shall now describe, ex- 
tends also through the north part of Berkshire county, Mass., 
and immediately across Prospect hill, S. E. of Williams college. 

§ 13. The western declivity of this mountain furnishes the 
necessary information relative to succession of the limestones 
and slates, which are superior to the rocks of Oak hill. This 
succession has been satisfactorily made out and is exhibited in 
section 2. It passes directly over the mountains a little to the 
north of Graylock, so as to cross the valley about two miles south 
of South Adams. The dip of the limestone, quartz, &c., 
near the mill referred to, is S. £., the limestone reappearing 
on the Adams side of the mountain in a reversed dip, form- 
ing therefore in the range of mountains through which it 
passes, a synclinal axis. The rock above the limestone is 
entirely slate and can scarcely be distinguished from primary 
talcose slate, and yet it is a sediment. The height of Gray- 
lock above the outcropping of the limestone is 2000 feet. The 
limestone is 500 feet thick^ and the mass between the limestone 
and upper bed of quartz is at least 500 more. 

On the east side of the valley, near South Adams, the rail 
road cutting exhibits a fine section of slate; it dips westward 
steeply, and behind it-towards Hoosick mountain, which is com- 
posed of gneiss, the limestone and quartz reappear in their 
true relations. These rocks therefore do not dip towards the 
primary range, but westward. 

§ 14, To enter now upon an enumeration and description of 
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fljers of the lower division as Ihey occur in an ascend- 
er, 1. proceed to speak of them as developed in Williams- 
ul Adams, and to which an allusion has been made, 
de lower rock or base of the Taconic system at these 
is a quartzite. The propriety of the name rests on the 
fact, that quartz in some form is the predominant element 
The inferior mass is sometimes a slate in which talc is abund- 
ant, and which generally contains pebbles. Lilholc^ically, it 
is a silicious talcose slate, closely resembling the talc-schists 
of the primary rocks of which hornblende is one of the as- 
sociates. At or near the base we find beds of conglomerates, 
which are usually made up of rounded quartz pebbles, as well 
as angular stones imbedded in a talcose paste. Another brecciat- 
ed conglomerate consists of a paste of limonile in which both 
rounded and angular masses are enclosed. Proceeding from 
the base upwards, the masses consist of quartz of various 
colors and degrees of fineness, alternating with talcose slate. 
Associated with them in thick beds, is a quartz charged with 
feldspar, which often looks like a porphyry. The feldspar 
decomposes and leaves small ragged cavities, when the mass 
becomes a burrhsione, and is often used as a millstone. The 
quartz rock is granular, often friable, vitreous, and compact; 
usually brown, but frequently gray or grayish brown, or white; 
aometimes snow white, and an excellent material for glass. The 
different varieties appear lo occupy a given place itt the series, 
but the vitrified kinds do not lie at the bottom, but frequently 
occur at the top; and so, of the distinct sandstones or friable 
ones, the beds are more frequently at the bottom, or near it. 
The grains have the fortn of the common sandstone of the 
Silurian system. Hence the vitrified masses became so by cir- 
cumstances which attended their deposition, rather than by a 
subsequent vitrification by heat. So much do the bottom rocks 
appear like primary rocks, that no one would suspect they 
were sediments, were it not that they are accompanied by 
conglomerates. The conglomerates are sometimes obscure, in 
consequence of a thin investment of talc, which often appears 
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pressed into the pebbles. AmoDg the pebbles, angular masses 
of quartz and hard green slates are often found sq closely re- 
sembling the accompanying talc-slate, that it might be inferred, 
that the slate had been broken up and incorporated with the 
mass, but it is probable that they belonged really to the 
primary schists which accompany hornblende and gneiss. 

§ 15. That the character of these lowest sediments may be 
clearly distinguished from the lower Silurian, I propose to speak 
of them in greater detail: Fig. 1. — 1. The lowest mass and which 
reposes upon protogine about one mile east of the crest of Oak 
hill, is a porous silicious slate, composed of talc, and some 
mica, quartz and feldspar. The feldspar and quartz is angu- 
lar, sometimes the particles are rounded, but in either case 
the rock has an open structure arising from the decomposition 
of feldspar, and the small cavities are rough and unequal. 
The porosity of the mass fits it for a millstone. It is a thin 
mass at this place. At other places its pebbly character is 
remarkably well developed. It lies directly upon the granite 
here and its materials clearly indicate that it was derived from 
this rock. Its thickness is variable, not exceeding thirty feet 
at this place. 

The mass reposing upon this millstone is, 1, a coarse slate 
made up of talc and quartz, it is a talcose slate. Its stratifica- 
tion is uneven from the presence of coarse masses of quartz. 
We meet occasionally with needleform schorl. It is a much 
more crystalline mass than the slates above it. It is seventy 
feet thick. 3. The next rock, c, is a sandstone. It is made up of 
white quartz grains, and forms a flagging stone susceptible of 
division into very thin layers. It seems to be purely a sand- 
stone unchanged by metamorphic action. It is 100 feet thick, 
thick. It dips southwest wardly at an angle of 15^ 

The fourth rock, b, is talcose slate. It is gray, soft, and even 
bedded. It is comformable to the masses below it. It is forty 
feet thick. 5. A mass of quartz, d, succeeds this fine slate. It 
is brown and rather massive and jointed. It is fine grained, and 
destitute of pebbles. It is 400 feet thick. It extends nearly to 
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the crest of Oak hill when it slopes to the south, but there still 
overlies it a bed of quartz and a silicious talcose slate which 
seems to be the remains of a much thicker mass; the latter is 
about thirty feet thick, and lies obliquely across the axis of the 
hill. The strike of the rocks therefore is not coincident with 
the ridge or crest of this chain of hills, the former bearing a 
few degrees more to the westward. 

The masses which I have described crop out upon the east 
side of the ridge and dip S. W. at a moderate angle. They 
reappear on the west side again dipping eastward, forming in 
consequence of their opposing dips a synclinal axis. Oak 
hill is 1700 feet above the valley of the Hoosick, which flows at 
its western base, but the rocks are exposed only at or near its 
crest on the west side, while on the east side the succession 
is perfectly clear by an exposure of all the masses from the 
protogine to the top of the mountain. 

§ 16. The sequence being made out in the mode I have stated, 
it becomes necessary now to ascertain what rocks succeed those 
which have been described. This determination may be satis- 
factorily made out by tracing these same masses along the 
southern slope of Oak hill into the valley already referred to 
as leading from Williamstown to North Adams. We learn from 
the direction they take that they plunge beneath Saddle mountain, 
and by tracing some of the members already spoken of along the 
western flank of this range, we at length find the quartz out- 
cropping in a small creek which comes down from the hopper 
of Graylock the summit of Saddle mountain, and the highest 
point of land in Massachusetts. This point is 3600 feet above 
tide, and 2800 above the Hoosick. It forms a heavy mountain 
mass between Williamstown on the west and South Adams on 
the east. By ascending the western slope of Saddle mountain 
to Graylock, from the quartz which outcrops at its base, we 
obtain the succession of the masses which succeed the forma- 
tion of Oak hill. The rock overlying the quartz is again 
talcose slate, silicious at its base, but purely a talcose slate as 
a mass and which requires no farther description. It is between 

3 
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400 and 500 feet thick and extends up to the limestone, \rhicb 
constitutes the seventh member of the lower Taconic system. 

This limestone, in a former treatise upon the Taconic system, 
I denominated the Stock bridge limestone, as it is extensively 
known in the commercial world as a marble and a valuable 
building material. It is however less constant in its composi- 
tion than we should expect judging from the pieces of marble 
exhibited in market, or at New Ashford. It is in the first place 
frequently a dolomite, and in this composition is flexible when 
first removed from the quarries. Its layers along the plane of 
bedding are profusely sprinkled with green talc, and though in 
Berkshire county it seems to be confined to one mass, yet at 
other places not far distant it is interlaminated with slate. 

The colors are white, gray and occasionally very dark It is 
reddish at Williamstown and is intimately blended with silex. 
It is also seamy or sparry, containing calcareous spar, mag- 
nesian spar blended wiih a variable quantity of carbonate of iron. 
It crops out on the western slope of Saddle mountain dipping 
south of east, but on the east side at South Adams it crops out 
at its eastern base, dipping west. Its limits and position are 
clearly defined at Williamstow^n and Adams, and indeed for the 
whole of western Massachusetts and eastern New York, as it is 
found in the same relation throughout this entire region. It is 
500 feet thick as exposed on the western slope of Saddle 
mountain. 

§ 17. The eighth member of the lower Taconic system which 
succeeds the limestone already described is a talcose slate. 
From the termination of the limestone to the top of Graylock, 
the talcose slate is uninterrupted. The thickness of slate above 
the limestone is about two thousand feet. These beds of slate 
are similar and uniform in their composition and structure not 
only in Berkshire county, but in Virginia, North Carolina and 
Tennessee; the beds at the south can not be distinguished from 
those at the north. 

By referring now to fig. 2, the reader wrill see at a glance 
the relative position of the rocks which I have described. 
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1, 1, Quartz with its inlerlaminated slates, 
at the foot of Saddle mountain; 2, 2, 
limestoni; outcropping u|)oii both sides of 
this mountain; 3, 3, slates beneath ami 
above the limestone- I hare also shown 
in the section the relative position of the 
mountain ranges which traverse Berkshire 
county and eastern New York- A, Hoosick 
mountain composed of gneiss and mica 
slate, hornblende, etc.; B, Saddle moun- 
tain; C, the main belt of the Tacoaic 
range along which runs the boundary line 
between Massachusetts anil New York. 
This range, C, is composed of the same 
talcose slate as B. It is another uplift of 
the same rocks. In Ihe valley hetween. 
Stone hill forms a prominent point and 
Bhows a repetition of the rocks of Oak 
hill. It is 400 feet high and is bounded 
on holh sides by the limestone No. 2, This 
limestone is crushed and contorted 

The prominence represented hetween A 
and B is a sharp nilge in South Adjus, 
on the west siJe of which the rail road 
cutting exposes the slate dipping steeply 
to the west, 

§ 18. Iron breccia of the Taconic rocks. 
This singular mass should not be passed 
by wiihout a brief notice. It is composed 
- ^f/m ''^ angular quartz ceoientcd together by 
W^ limonite, or brown hematite. It does not 
form as I have ever been able to find a 
continuousstratum,butit is associated with 
[LL, this part of ihe series. It occurs in Ver- 
mont, Massachusetts, Pennsylvania, Vir- 
ginia, North Carolina and Tennessee, and 
always in the same relation. At North 
'^ -J/'^^ Adams it was worked for iron at one time, 
^T""! a thick seam of it being discovered in 
ce near the junction of the slate and quartz. It is always too 
cious however to he profitably worked. Its origin is unques- 
lably igneous, as the phenomena seem to indicate at the 
lity just referred to, and it also seems highly probable that the 
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immense beds of limonite which extend through the states I 
have named above have been derived from the originally in* 
jected masses of iron breccia. However this may be, the mass 
is highly interesting. It is easily recognized as it is composed 
of quartz and iron. The quartz is sometimes in roimded masses 
as in Hillsborough, N. C , and hence is a conglomerate. 
Ferruginous quartz also occupies the same geological position 
and is as widely distributed. It is common in Berkshire, Mass., 
Buncombe county, N. C, and near Abingdon, Va. 

§ 19. The sequence of the lower Taconic rocks which has 
been stated and illustrated in the foregoing pages is essentially 
the same from Maine to Georgia. I shall illustrate this position 
from the careful observations which I have made in this and in 
former years. The order of arrangement, therefore, which has 
already been placed before the student, must be regarded in no 
other light than as confirmatory of the views I have adopted 
in this and my former treatise upon this system. 

§ 20. Taconic rocks in Maine, The Taconic system is sur- 
rounded by primary schists, granite, &c. I have been unable 
to discover any masses which could be referred to the Silurian 
system. The earliest information respecting this system in 
Maine was communicated by Dr. Jackson. The discovery of 
fossils, which were regarded as vegetable impressions at the 
time, were subsequently referred to the class of Nerecites. 
At this time they may be placed among the foot prints of mo- 
luscs. The slates which contain them are at Water ville, on the 
banks of the Kennebeck. They are soft, green talcose or mag- 
nesian slates, placed nearly in a vertical position and whose 
trend is N. 10® E. They are connected probably with the fine 
roofing slate of the Piscataqua river. They seem, however, to 
be isolated and separated from the lowest members of the 
Taconic system. The slates extend over a width of country, 
for about 15 miles. It is at Camden, however, that we ob- 
serve a section of the rocks which coincides with those of Berk- 
shire county. The intervening country is partly covered with 
drift, over which granite, gneiss and mica slate prevail. 
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le of the most interesting rocks of Camden forms a very 
Dspicuous mass in the neighborhood. It forms an emi- 
nce 700 or SOO feet high. It is the Megrunticook mountain, 
d is a mass of conglomerates resting unconformably upon mica 
ite. It is isolated, and the members once connected with it 
ve been swept away by diluvial action. The conglomerates 
e at least 400 feet thick. A large proportion of the quartz is 
II angular. A succession of the lower rocks of the system is 
iposed on Goose river and harbor in the vicinity. 
Figure 3 shows the succession referred to, enumerating them 
the descending order. 

a, wrinkled magnesian slate; 6, limestone; 
c, trap dyke; d and _/", slate more or less sili- 
cious; e, granite vein; A, hard quartz rock; 
i, slaly and contorted quartz; I, slate con- 
taining imperfect macles; n, second mass of 
granutar quartz; m, magnesian slate. At F 
there is probably a fracture and hence the fore- 
going masses may be repeated ; G, Goose river. 
The rocks at Camden are identical with those 
of Berkshire. Their order of arrangement the 
same. All the differencesarise from their hav- 
ing been changed by their vicinity to trap and 
granite, as in the slates macles are partially- 
developed. This section has one advantage 
over the Berkshire section, as it evidently 
gives us the rocks according to their succes- 
sion- Their aggregate thickness I estimate at 
2,000 feet. Conglomerates occur in the mass 
at K. The Taconic rocks extend from Cam- 
den seaward. They appear and form the Fox 
islands 12 miles from Camden; where they are 
much changed by igneous rocks at certain 
points, especially where they are traversed by 
dykes. 
At TbomastOD, seven miles distant, the slates 
and limestone similar to those of Camden are 
the prevalent rocks. The limestone is tra- 
versed by a huge (rap dyke. 
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§ 21. In Rhode Island near SmithGeld, quartz, slate and lime- 
stone are well known. 

The succession here is as follows, and is represented by fig. 
4. The rocks lie in a trough bounded on one side by granite 
and on the other by a conglomerate of the carboniferous system. 

Fig. 4. 
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g, granite; a, altered magnesian slate; L, c, e, limestone 
6 and (/, dykes, in the form of hornblende; /, slate partially 
changed to serpentine; V, valley of the Blackstone; i, granular 
quartz interlaminated with talcose slate; on the right of the 
section, the coal conglomerates occur in juxtaposition. 

In this section the older rocks seem to rest on the newer. The 
section is mad^ out so far that We can only speak of the masses 
which represent it. The succession is obscured by drift and 
intruded rocks. In general, I may observe that the quartz, 
limestone and slate resemble the rocks of Berkshire. 

It is important that the student should be acquainted with cer- 
tain phenomena respecting the members of the Taconic system, 
which obscure their relations at many places. One of these 
phenomena is produced by the intrusion of pyrocrystalline rocks, 
granite or sienite. These intruded masses separate the members 
of the system from each other, and at the same time change 
the direction of dip. This fact is illustrated in a belt of 
country near Fisk kill at the Rocky Glen factory. 



Fig. 5. 
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. Thus a, magnesian slate; c, limestone; 6, e, granite, which 
separates these two members from each by a rocky ridge. 

It happens, however, that ridges of mica slate are interposed 

in the same manner. Probably the deposit was originally thin, 

and hence has been worn away by diluvial action. Some five or 
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six miles sometimes intervene between two members of the sys- 
tem, as in Cherokee county, N. C, where a mica slate like that 
of New England with staurotiiles intervenes between the quartz 
and (alcose or magnesian slate. This subject may be reverted 
to again. 

THE TACONIC SYSTEM IN THE SOUTHERN STATES. 

§ 22. The lower Taconic system is equally well developed in 
the southern as in the New England states. From the northern 
part of New England it is prolonged southwards, and upon the 
line of prolongation it continues uninterruptedly for more than 
one thousand miles. For the purpose of illustrating its develop- 
ment in the southern states, I have selected the region of the 
Warm springs, in Buncombe county. North Carolina. The 
series at this place with their sequence is illustrated by fig. 6. 

It is situated in the midst of a cluster of rough mountains, 
along the bases of which flows the French Broad river. In 
some respects it is admirably adapted to geological investiga- 
tions; in others it has its objections, the surface or slopes of the 
mountains are too rough to be traversed where great accuracy 
is required. 

The succession of the rocks however is determined without 
much labor, especially the inferior masses, those which are 
under consideration. So also their relations to the primary 
rocks upon which they repose. The latter I regard as an im- 
portant consideration at this time, inasmuch as it seems neces- 
sary to determine them in order to remove certain objections 
to my views which have been started since the publication 
of my report upon this system. 

We find at this locality an anticlinal which clearly sepa- 
rates the pyrocrystalline rocks from the base of the Taconic sys- 
tem. It is not a local disturbance nor confind to an area of a few 
hundred yards. The older masses, consisting of gneiss, mica 
slate and hornblende, dip generally S. E. from Ashville to the 
Warm spring, or indeed fiom the Blue ridge itself. The 
Taconic rocks on the contrary dip westward for fifteen to twenty 
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miles, though in the Paint mountain range there are i 
changes of dip. In fine, the iocality at the Warm springs ia a 
good exhibition of the deTelopment of the lower Taconic rocks 
in the southern states. 

S, Sienitic granite, which in come- 
quence of its protrusion at a period sob- 
sequent to the deposition of the lower rocks 
of the system, throws them into an an^ 

1, tatcDse slates and slates with pebbles; 

2, seamy ferruginous sandstone, il& feet 
thick; 6, slaty conglomer&te and slatj 
sandstone; 6, vitrified quartz of a browu- 
ish color, SOO feet. It contains pebble* 
and frequently fragments of slate. 7, brown 
silicious slate passing into quartz with a 
few pebbles, 85 feet; 8, granular quartz; 
9, talcose slate, 200 feet; 10, quartz, the 
two beds with the slate included ia 1500 
feet; 11, slate, 250; 12, gray limestone, 
ElOO feet; 13, gray fine grained talcose 
slate, over ISO feet thick; the mass is too 
much concealed to admit of its exact 
measurement. Adjacent to this mass I find 
a feldspathic slaty sandstone of an undeler- 
mined thickness, and its relations are ob- 
scurely developed. 

The foregoing statement respecting 
the thickness of the masses at the Warm 
springs, is as near their actual thickness 
as the exceeding rough and steep sur- 
face of the mountain will permit. The 
united thickness of all the masses is there- 
fore about 3000 feet. The sequence of the 
rocks is exact. The dip of the superior 
masses is west, that is from the axis of the 
primary schists A, adjoining them on the 
east; and I may here remark,- that the line of 
demarkalion between the former and latter 
rocks is well defined. The dip of the in- 
^^^^;5- ■" ferior rocks is north of west according to 
their distance from the axis of elevatioD. 
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The rocks at the Warm springs when compared with those of 
Berkshire county, embrace a larger development of quartz than 
of slates, and the beds of conglomerate are more remarkable, 
extending far up in the series; but the slates and quartz, litho- 
logically, are undistinguishable from those of Berkshire. The 
masses are widely separated and are unquestionably correla- 
tive; besides, we have the evidence of continuity of rocA:, that same 
clear well defined separation from the rocks of the Blue ridge 
that we find both at Williamstown and the Warm springs of 
Buncombe. When we go farther and compare the subordinate 
masses we find that the same resemblance and identity holds good; 
for example, the limonites and manganese, the ferruginous 
quartz, both yellow and red, chert, agate, etc., are common 
to the whole belt of which I am speaking. 

§ 24 In Cherokee county, N. C, all the members are present 
which I have given as belonging to the formation at the Warm 
springs, but the system is separated a few miles by the 
interposition of a ridge of primary schists with staurotide. 
Conglomerates occur three miles northwest of Murphy, Cherokee 
county, which dip eastward, to which a series of slates and 
quartz rock and limestone succeed^ accompanied with beds of 
limonite, as in Berkshire, Mass. To the westward of the 
conglomerate, the ridge of primary schists come in, after 
which the dark colored slates and brecciated conglomerates and 
sandstones, &c., occur as in Columbia, Rensselaer and W*ash- 
ington counties, in New York, and as they recur at the Paint 
rock in Tennessee, six to ten miles west of the Warm spring in 
Buncombe county, N. C. Although there is a separation of the 
older Taconic rocks from the newer by the primary rocks to 
which I have alluded, still, there is no question as to the 
relationship which exists between them. I find a similar 
separation in New York by the intrusion of granite. The 
intrusion of granite is a phenomenon which is not likely to lead 
to error. In the recurrence, however, of the primary rocks, 
particularly the fine mica and talcose slates, the geologist 
might regard them as interlaminated masses, but a careful ex- 
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amination of relations of these rocks to each other will result 
in the conviction that the primary rocks are underlying and 
older masses, and have no connection with the sedimentary 
rocks which they geographically separate. 

§ 25, The cluster of mountains which the French Broad river 
has cut through at the Warm springs is prolonged northwards 
and southwards. The range is necessarily crossed in going from 
Ash county, N. C, to Abingdon, Va. Stone mountain which 
rises near this route is quartz, the base of the system. It is 
succeeded by slates and limestones, and conglomerates and 
sandstones, in the order which I have already stated in suflBcient 
detail. The limestone, however, is not a marble as in Massa- 
chusetts and Vermont, except at a locality about half way 
between Taylorsville, in Terin., and Abingdon, Va. It is here a 
white marble, and is evidently an altered mass. The change is 
quite local and has taken place on a line of disturbance, and 
where the rocks are contorted and wrinkled. The route follows 
a rapid river, known as ihe Laurel. This range has received 
different names at different places. Between Macon county, N. 
C, and Tennessee, it is called Iron or Smoky mountain; be- 
tween Cherokee* county and Tennessee, it is known as the 
Unaka mountain; between Yancey county and the same state it 
is Bald mountain. From the northwest corner of North Carolina 
to Cherokee, quartz rock is the predominant rock of the range. 
It is traversed in the line of North Carolina and Tennessee by 
the Watauga, the Nolachuky, French Broad, Pigeon, Tennes- 
see and Hiwassee. All of these rivers cross the line of base of 
this system of rocks and furnish fine sections and exposures of 
it. The conglomerates and quartz, however, in Cherokee 
county, are upon a belt eastward of the mountain range, while 
further north of this hard rocks form their crests and the highest 
points upon their ridges. 

§ 26. Sections of the lower Taconic rocks in Virginia, — Ano- 
ther section a little further north is opened along the course of 
New river, which rises in North Carolina and flows northwest- 
ward into Virginia. I examined this section on a route lead- 
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i» fromHillsville to Wytheville, Va. I eroded the 
sq Blue rliigeat the Fancy gap. The quartz rock aad 
its slates and congloinerates will be crossed about 
fiUcen miles east of Wjtheville. Ii is sufGcient to 
remirk in this place that the rocks and their se- 
quence diSer in no respect essential]}' from those of 
the Warm springs in N. C. At an old iron furnace 
near the New river, the occurrence of the limestone 
is more abrupt than usual, the slate which inter- 
venes between the quartz and limestone at other 
places is wanting at this, and the limestone, in con- 
sequence of the inclination of the quariz, seems at 
the surface to dip beneath it. It is not, however, 
an underlying mass. 

The limestone is gray, and only semicrystalline. 
It is overlaid by a dark colored slate. On this line 
of section, the rocks which succeed still further on 
the route to Wylheville, will be given in detail in 
the proper place. Thus far, the section corresponds 
with those I have already given. 

§ 27, The next section is represented by the an- 
nexed cut, fig. 7. It leads from Waynesboro to 
Staunton, Va. Beginning at the western base of 
the Blue ritfge, the series consists of, 1, Taicose 
slates accompanied with seams of iron breccia, 
seventy-five feet; 2, green taicose slate with breccia 
thirty-four feet; 3, quartz and iron breccia, twenty- 
five feet; 4, green thick bedded slate, seventy- 
five feet; 5, thin bedded quartz and iron breccia, 
alternuting also with slate and quartz in beds pre- 
sentinfir a ribbon>]ike appearance, 100 feet; 6, tai- 
cose slate, 100 feet; 7, quartz and iron breccia, 4U0 
feet; 8, reddish and purplish slates and two or three 
beds of quartz; 9, thin bedded quartz; lO, of while 
and gray vitreous quartz, 500 feet ; 1 1, taicose slate 
or light colored magnesian slate, too much concealed 
under debris to admit of a determination of thick- 
ness; 12, gray limestone, 300 feet; 13, black and 
gray slate with beds of shaly limestone. 

In this section the recurrence of the iron breccia 
is the most remarkable feature. There is less quartz 
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than at the Warm springs or at the Stone mountain. Still there 
is a great similarity in the group with those at distant points 
along this remarkable range. 

§ 28. It remains now to describe the Harper's ferry section, 
which runs along the eastern slope of the Blue ridge 
wilh a southeasterly dip instead of the western slope. The 
Potomac crosses the base of the Blue ridge at this place. The 
rocks are finely exposed and the successipn can not be ques- 
tioned. Neither can the relations of the sedimentary rocks be 
misunderstood. The steep mountain which rises from the river 
on its north side, exhibits very clearly at a distance the line of 
demarkation bet\iv^en the primary and Taconic rocks; and 
on a near approach to this line, we find it is produced by the 
difference of the rocks. The primary and underlying rock is a 
wrinkled talcose slate, similar to the New England slates and 
Green mountain slates of the same name, and which are associ- 
ated with gneiss and hornblende. 2, a brecciated conglomerate, 
eight feet thick. This rock makes the narrow belt on the south 
face of the mountain, and causes the distinct line of demarka* 
tion between the older and newer rocks. 3, greenish and pur- 
plish slates containing brecciated quartz, 500 feet; 4, slates, 
three to 400 feet; 5, purplish quartz, two feet; 6 slate, two 
feet; 7, breccia, four feet; 8, clear and vitreous quartz, seventy 
feet; 9, purplish slates, traversed by numerous seams of milky 
quartz, sixty feet; 10, quartz, thin bedded below, and thick 
above, 200 feet; 11, slaty quartz; 12^ hard contorted quartz^ 
Slates with limestone succeed the foregoing, the latter crops out 
from beneath the Trias, at a point upon the Potomac, from 
which were taken the brecciated pillars which ornament the 
halls of the capitol at Washington. The rocks eastward of 
Harper's ferry, however, are too much concealed on the line of 
rail road to enable me to give their arrangement in detail, still, 
enough is exposed to warrant me in speaking confidently of 
their sequence which as I have already intimated, does not diffe r 
materialy from those of the localities which I have already 
given. In the minor details there are certain unimportant 
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ilifierences particularly in regard to the thickness and position 
of the brecciated conglomerates and a few intercalated beds of 
slate and quartz. The former are noticed for the purpose of 
proving the sedimentary origin of these rocks, an origin which 
many geologists would formerly have questioned^ and even at 
this day ^ere it not for their presence. 

The quartz and slates still continue, and these are succeeded by 
a gray limestone, which crops out from beneath the Triassic, or 
as some regard it, the Liassic system east of the locality which 
furnish the Potomac marble. 

§ 29. From Harper's ferry the series continues through 
Pennsylvania into New York, and then into Massachusetts and 
Vermont, retaining the same relation to the primary rocks 
throughout its long extended line. If we trace the relations 
of the quartz rock to the Blue ridge and Green mountains of 
Vermont, we find it varies exceedingly along this great range« 
In North Carolina, the quartz rock at the base of the Taconic 
system forms independent ranges of mountains sixty or seventy 
miles to the west of it. As the quartz extends northeastward, 
the Blue ridge and the quartz approach each other. At 
Waynesboro the quartz reposes upon its western face. At 
Harper's ferry the quartz reposes upon it^ eastern face, having 
crossed the Blue ridge in its northern prolongation. The rocks 
which compose the Blue ridge in North Carolina and the southern 
part of Virginia, diverge from it south of Charlotteville and 
strike towards Baltimore, if the Green mountains and Hcosick 
mountain of Massachusetts, are regarded as a prolongation of the 
Blue ridge, we again find the quartz and slates at the base of the 
system reposing upon its western flank, though here these rocks 
form of themselves a distinct and independent range, which 
has long been known as the Taconic* mountains. 1 have 
already spoken of the wide distinction there is between the 
system of rocks composing the Green mountains and those oi 
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* The word has been spelled Taughconxiao and Ta^hoonlo, bat thos9 modes 
of spelling have given way to Taconio. 
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the Taconic system. When we trace however the relations of 
these masses throughout the entire extent of ihe country, the 
importance of regarding this distinction as established can 
scarcely be doubted. If we assume that the Green mountains 
are composed of the altered Hudson river slates, the same 
assumption must be made respecting the whole of the Blue 
ridge. The only belt where the Blue ridge is composed of 
rocks which can be regarded as metamorphic, is at the crossing 
near Waynesboro. At Charlotteville and westward towards 
the Blue ridge, gneiss, mica slate, hornblende and sienites, 
prevail. But near the ridge, a sedimentary rock which occurs 
extensively in North Carolina, cooies in; and I found in cross- 
ing the ridge, that the green slaty rocks were charged with 
epidote, with scarcely a mass of gneiss or hornblende which 
could be recognized. I can only say, that the Blue ridge for a 
short distance exhibits a different composition^ while at the 
same time the Taconic system, which appears on its westera 
flank, is quite as clear and distinct as at any other point on the 
line of this great belt. 



l-HE TACONIC SYSTEM ON THE EAST SIDfi OP THE BLTTE RII)GE. 

§ 30. The account which I have given of the lower Taconic 
rocks, relates to the series which flank the Blue ridge on the 
west. I shall now describe a parallel series which skirt the 
same range on the east, and which though not equally con- 
tinuous with the former is still the predominant system over a 
wide belt of country, extending in a northeasterly and south- 
westerly course from South Carolina to Maine. The Taconic 
rocks which I propose to describe in this connection, are desti- 
tute of that regularity and symmetry which mark those upon the 
west side of the mountain. The series also is incomplete, I 
find the upper members are wanting, and in placing this series 
in the Taconic system, I am guided by lithological characters. 

§ 31. Members of the series. These embrace conglomerates, 
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quartz rock and quartzite/ talcose, chloritic and argillaceous 
slates. 

The mode in which the foregoing rocks are arranged, will be 
understood by describing them as they occur upon a transverse 
section. If we descend the eastern slope of the Blue ridge in 
North Carolina, in the direction of Wilkes county, the series 
which represents the geology of the country traversed consists 
mainly of mica slate and gneiss and intruded granitic masses. I 
believe they resemble the New England rocks of the same 
name as perfectly as possible. These continue upon its flanks 
until after we pass tf low range called the little Brushy 
mountain, which traverses the country about ten miles east of 
Wilkesboro, in a N. E. and S. W. direction. This formation 
continues to a point about one and a half or two miles east of 
Lexington, Davidson county, N. C. At this point and in a line 
ranging with it nearly N. E. and S. W. the system changes, 
the primary giving place to a series of sedimentary masses 
which continue to a line about ten miles west of Raleigh, in 
Wake county; it comprehends a belt of country about seventy 
miles wide. This belt is prolonged, in the direction 1 have 
stated, into Virginia and South Carolina. It is necessary, 
however, to state, that the lines of demarkation of its borders 
are not equally well defined at all points, but they are usually re- 
cognizable by making offsets at short distances to the right 
or left. 

The prevailing dip of the rocks of the Blue ridge is S. E. 
When, however, we have passed from the pyrocrystalline rocks 
to the Taconic system, the dips are changed, first to the S. W. 
and finally to N. W,, which is the prevailing dip. The angle 
dip varies from 40^ to vertical. The first mass which indicates 
a change in the series of rocks, occurs a mile or two east of 
Lexington. It is a coarse talcose mass. Farther on it becomes 



* The term quartzite I use to designate a kind of silicious mass which 
closely resembles chert or homstone associated with many of our lime- 
stones. 
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a fine talcose slate which soon becomes bilicious and forms a 
tough mass, which I shall denominate a coarse talcose quartzite. 
Its color is light green, it is often obscurely porphyritic, and 
though jointed, it is one of the most tough rocks which is ever 
encountered by the geologist or miner. When moderately 
silicious, it decomposes readily and forms a deep red soil. As 
it is neaily vertical and as it weathers unequally, the outcrop 
presents a singular succession of sharp edged masses, which 
are rounded in the direction of the strike. It presents an in- 
terrupted succession of hatchet shaped eminences. These are 
sometimes seven or eight feet high and ten feet at the base, and it 
sometimes also happens that two of these projecting masses stand 
within a few feet of each other, and hence are convenient lyVoofed 
over for a small outhouse, the rocks forming the two parallel 
walls. These projections are so numerous on the Three Hat 
mountain, some eight miles east of Lexington, that its surface 
can not be cultivated. The rock between Lexington and 
Spencer postoffice is mostly quartzite, with bands of flinty 
slate which breaks with a smooth conchoidal fracture, and a 
soft even bedded talcose and chloritic slates. It is difficult to 
assign a satisfactory reason for the occurrence of the quartzites 
in the midst of the unaltered slates. The change does not 
appear to be due to the proximity of trap or igneous masses. 
I have therefore for want of better reason regarded these cherty 
masses as products of chemical forces acting at the time of 
their depasition. The quartzite of North Carolina is so 
peculiar that I deem it useful to describe it still more particu- 
larly. In the extreme variety it is a pure bluish hornstone, 
and breaks with a flat conchoidal fracture. In this form, it is 
rather easily broken, but when less pure, it is tough; the 
fracture is then uneven as if the masses were torn apart. It is 
translucent on the edges, which are sharp like flint. When 
struck it is often sonorous like cast iron. It is not perfectly 
homogeneous as a mass, as small crystals of feldspar and 
sulphuret of iron are often disseminated through it. In dis- 
integrating, the outside weathers to a drab. In Chatham, 
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Randolph and Davidson counties, it never forms ledges of 
jointed rocks, but crops out in the manner I have just repre- 
sented. Its strike is N. 25° £. while the ridges which it 
traverses, and which are narrow, run N. 10° £. The ridges are 
quartzite, the valleys are usually underlaid with a soft slate. 
The quartzite in many instances is massive, but passes into 
jointed silicious slates. The latter are frequently associated 
with novaculite and other fine and coarse grits. Numerous 
varieties of quartzite are met with, as the blue and purple, 
light gray and green of many shades, and composed of impalp- 
able individuals, also yellowish and yellowish brown, and 
traversed by seams of quartz; or deep green and banded 
varieties, or coarsely agatized ones. The quartzite is constantly 
undergoing decomposition. The atmospheric influence pene- 
trates deeply into the rock; and its extent is marked by an 
opaque white friable border, &c. &c. Indeed all the varieties 
of quartzite disintegrate, decompose, some slowly ^nd others 
rapidly, the silicious and ferruginous varieties forming a 
deep red, and the apparently pure silicious ones, a pale drab 
colored soil. These belts of quartzite are frequently half a 
mile wide, in which a few beds only of slate occur. The most 
interesting localities are in Davidson and Chatham counties. 
They are not confined however to these counties. 

Randolph county, which succeeds Davidson on the east, fur-* 
nishe^ a large amount of quartzite in its rocks. All the ridges 
may be set down as formed of this kind of rock, excepting 
those which belong to a narrow belt of sienite which comes in 
about six miles west of Ashboro. Fine and eoarseish grits 
resembling certain varieties of novaculite are frequently met 
with in and about Ashboro. But at Frankllnville, eight miles 
east, the green chloritic slates predominate with only a few 
beds of quartzite. The soft green slates are traversed by veins 
of milky quartz, but they are rarely auriferous. A few miles 
further east the slates are replaced by a thick bedded chloritic 
isandstone which bears a trappean appearance, and as it weathens 

readily the detached masses become round. These thick bedded 
^ 5 
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rocks are again succeede<! by thin betlded, which contain peb- 
blts of quartz. Such masses are repeated frequently in the 
distance of twenty miles. Deep green slates, rather thick bedded 
chloritic sandstones and beds of brecciated conglomerates belong 
to the same belt. Twenty miles west of Pittsboro or about 
twelve miles east of Franklinville a belt of this brecciated rock 
may be observed near by and crossing the road. At Pittsboro, 
red and purple slates with breccia prevail, particularly near the 
village. At Jones' falls, on the Deep river, thequartzite and 
brecciated quartzite and porphyries form a belt half of a mile 
wide and extend some five or six miles in a noitheast direction. 
The porphyries are no doubt products formed by the adjacent 
trap of the neigborhood, as the Taconic rocks emerge here from 
beneath the sandstone of the Trassic or Permian system. 

The belt of Taconic rocks which lie between Lexington on 
the West and Deep river at Jones' falls on the east, passes up 
through the east part of Guilford county, form most of Alamance 
and Orange counties, and so onward through Granville into 
Virginia. At Hillsboro, Orange county, a range of hills come 
down from Granville county. These hills are frequently com- 
posed of quartz and iron breccia; and in the northwest part of 
Granville county, an extensive range of slate conglomerate 
occurs, w-hich has been traced to the Dan river in Virginia, 
and south some ten miles. This bed of conglomerates has 
a very steep dip from 60^ to 65^ and occupies a belt at 
at least one fourth of a mile wide. From the northwest corner 
of Granville county, the Taconic rocks extend nearly to Rox- 
boro,when they are discontinued and replaced by a tabular granite. 

This belt in North and South Carolina consists of quartz 
which is developed only upon a limited scale, but which is 
accompanied by the iron breccia as in Berkshire county, Mass., 
talcose, chloritic and argillaceous slates. The first is undistin- 
guishable from those of Vermont and Massachusetts, which 
occupy the same geological position; slate conglomerates as in 
Granville county, and extending into Virginia; quartzite which 
is far more abundant among the slates than in Massachusetts. 
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Beds and ranges of argillaceous slates of various colors seem to 
be distributed without much order; or in other uords it is 
impossible to trace them far in the direction of their strike^ 
Another range of the Taconic slates passes through Johnson 
county. It is exposed near Smithiield. In range of this belt, a 
similar rock crops out near Gaston, and appears three or four 
times on the road to Weldon. The Johnson slate is separated 
from the slates and conglomerates of Orange and Granville, by 
a strong belt of primary rocks, among whichgranite is the roost 
conspicuous member, it overlies, I believe, the hornblende 
and gneiss and mica slate rocks, and in this respect is similar to 
the Maine granites; it appears to have been ejected through 
fissures and to have overflowed the primaiy schists. They are 
exposed as underlying masses at Warrenton in Warren county. 

§ 32. It can not have escaped the reader that the limestones 
which are so important and prominent in the series on the 
western side of the Blue ridge and Hoosick and Green mountains 
is probably wanting in the series I have just described^ In 
North Carolina I have not discovered it, and I have made only 
imperfect examinations in South Carolina on the line in which 
this series is prolonged. In Virginia there is a range of blue 
limestone at Gordonsville, but it scarcely passes further south. 
It appears to belong to the series I have just noticed in North 
Carolina. 

At Gordonsville there are soft talcose slates reddish white, 
and in connection with it, or nearby, there are beds of slaty 
blue sparry limestone, dipping southeast. Westward of Gordons- 
ville the rock is argillaceous. In this connection the purple, 
red and green roofing slates come in. They are similar to the 
slates of Maine, which contain the nereites. They are the pro- 
longed beds of roofing slate of Chatham county, N. C. With 
the latter, thick seamy beds of conglomerates occur. The roof- 
ing slates, west of Gordonsville, Albemarle county, are suc- 
ceeded by thick, heavy beds of green chloritic slates, and 
alternate with them; they are seven miles east of Charlottesville. 
These beds, as we approach Charlottesville become more and 
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more like the correspond ing formation at Fratiklinville, Ran* 
dolph county, N. C. 

One roi)e east of Charlottesville, near the bridge, the slates 
and thick bedded chloritic masses have been altered by heat, 
having become hard and epidotic, accompanied with a few 
seams of asbestus- So also in a cut for the rail road near by, I 
found thin seams of specular iron. The rock is also cut up by 
seams of milky quartz. When the rock is unaltered, it is soft, 
green and resembles the rocks of Randolph and Chatham 
county, N. C, which are associated with conglomerates. They 
also decompose and form a deep red soil. These Taconic rocks 
are interrupted at Charlottesville, at the university, by sienites 
which are protruded among the slates near their junction with 
the primary rocks which now come in and succeeds them on the 
west. I saw indications of conglomerates in the vicinity, but 
none in place; but the whole formation between Gordonsville 
and Charlottesville is almost identical with that of Randolph 
and Chatham counties, in N. C. 

§ 32. It is difficult to describe in a satisfactory manner the 
unfinished series of the Taconic rocks in the southern states. 
They are widely spread out, but as they have disintegrated and 
the debris remains in place, it is impossible to make out the 
succession, as it really is. , It has therefore been described as a 
wide belt consisting of a few members only, and as extending 
northeastwardly and southwestwardly, and dipping generally to 
the northwest at a steep angle. That these rocks are all sedi- 
ments seems to be established by the relations they hold to 
conglomerates and brecciated conglomerates. This series 
represents the lower Taconic rocks if lithological characters 
may be relied upon. No carboniferous or black slates appear 
in the series in South or North Carolina, or in Virginia. 

^ 33. Another remark seems to be called for, viz: that the 
North Carolina series belongs to those isolated fields of Taconic 
rocks which occur in Rhode Island and Maine. They occupy 
the same relations to the principal mountain chain which 
traverse the country from the northeast to the southwest. 
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t haye stated that this belt of rocks is prolonged from North 
Carolina into Virginia. An interesting locality within the 
state last named, for illustrating the changes which rocks have 
sometimes undergone through the agency of heat, may be 
witnessed at the rail road crossing leading from Charlottesville 
to Staunton. On the east side, and upon the flanks of the 
Blue Tidge the chloritic slates seem to have become massive, 
accompanied also with the development of epidote in nests and 
geodes; and indeed mpsses seem to be semi-epidotic throughout. 
But I did not observe at this crossing, the primary schists, 
gneiss, mica and talcose slates, or well developed hornblende 
rocks. If I was disposed to assume that the rocks of the Blue 
ridge were only the altered rocks of the lower Silurian or 
Hudson river, for example, I would refer the reader to this 
locality for proof. But the character of the Blue ridge and 
that of the Green mountains of Vermont, can not be changed 
by such local phenomenn,* and it seems to me a waste of words 
to state the facts which refute an assumption so palpably 
erroneous as that respecting the rocks of the Green mountain 
range. I refer to the assumption that the Green mountains are 
composed of the altered masses, which are known as the 
HudscM) river rocks. But I may present here another view which 
discredits this assumption, it is that which recognizes in the 
Taconic system the source from which its materials have been 
derived; such is the similarity of the coarse particles of the 
quartz, and its conglomerate, gneiss and mica slate, that we 
are not left in doubt a moment respecting their origin; we may 
trace the materials to the parent rock, and this parent rock is 
a constituent part and member of the Green mountain range, a 
preexisting series which have furnished the debris from which 
the Taconic system has been constructed. From this fact it 
follows, that in whatever light we may view the Taconic system, 
either as an independent system or as an altered series of the 
age of the Hudson river group, the Green mountain rocks 
themselves, can not be regarded as of the age of the latter. 
Neither is there any evidence, any monuments, or phenomena 
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>vhich will justify the assumptioQ, that the gneis8> mica and taU 
cose slates and hornbleade of the Green and Uoosick mountains 
were ever sediments at iill. Although I have not stated 
all the facts respecting the lower series of Taconic rocks 
in the foregoing pages, still the limits within which I pro- 
pose to restrict myself will not allow of further details. 1 
have shown in numerous sections that the sequence of the 
members of this part of the system differ materialy from the 
lower Silurian, and that the difference can not have arisen from 
a local accident or occurrence as we are accustomed to regard 
a few local changes, but must be due to general facts, such as 
prevail from Maine to Georgia; and as the lower Silurian lies 
along a belt nearly parallel with the Taconic system, and still 
the members of this system differ so much from each other, I 
feel justified in the opinion that these systems are unlike and 
differ in age, and can not be brought into correlation. It is 
not metamorphism which causes this difference; metamorphism 
has nothing to do with sequence. It is not by intercalated 
beds that the Taconic system exceeds in thickness the Silurian. 
It is not to metamorphism that we are to attribute the general 
absence of fossils, for a large proportion of the rocks are not 
metamorphic. Those who maintain then that the Taconic 
system is identical with the Silurian, are bound to show how 
these important differences are to be reconciled. They are not 
due to an inverted axis and if not due to one or the other of the 
causes I have named, it follows that the distinctions are essential 
and not accidental, and we are required to consider the systems 
themselves as different systems.* 



* Since the foregoing was written I have observed that Mr. Hall assames that 
the slates of Maine in which the so called nereites occnr, are either Carbon- 
iferous or Devonian.'M^ As in the case of the assumption respecting the rocks 
of the Green mountains of Vermont, so in this it seems a waste of time to add 
facts to disprove a mere assumption. In this case, however, it may be well to 
inquire what fossils of this locality have ever been found of this age, and as 
the doctrine of metamorphism can not be adduced to sustain the assumption, 

«» Sllliman's Journal, p. 434, yoL xix. 
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§ 34. Roofing Slates. — Roofing slates, if I rightly interpret 
the phenomena of the districts where they occur,, are found 
hoth beneath and above the limestone which is marked 2 in 
sections 1 and 2. They can not however be restricted to these 
positions. But the beds which I propose to describe now, 
occupy (hose places. 

The beds below this limestone, however, scarcely differ from 
those above. Of this I have satisfied myself after an examina- 
tion of the slates taken from certain beds in Columbia county, 
N. Y., about three miles south of East Canaan. Their charac- 
ters scarcely differ from those of Hoosick in Rensselaer county, 
belonging to beds which I believe are above this limestone. 
The Columbia slates are blue, green, or greenish and purple. 
Th^y split evenly and appear hard and sound, and sufficiently 
firm to resist the action of the weather. 

The beds may be observed in the road between East Canaan 
and the state line. The quarries are not opened on this road, 
but just beneath the limestone, fine blue fissile slate occurs in 
thick beds. I regard these beds as older than those which have 
been opened at Hoosick. There can be no doubt of the rela- 
tions which the Columbia slates bear to the limestone I have 
referred to, but I am unable to state the thickness of these beds 
in consequence of their concealment under drift. 

From the view which I have taken of the relations of the 
lower Taconic rocks, it follows that the slates beneath the 
limestones have increased in thickness in their westward ex- 
tension. These are also finer and much more even bedded, and 
contain but little quartz either in dissemination, in grains. 



and as there are no fossils belonging to either of the systems, it must be erro- 
neous. The most delicate imprints are preserved in the slates of Waterville, 
and here the coarse and prominent fossils of the Devonian or Carboniferous 
should be founds besides, there is not the least resemblance to the Devo- 
nian in mineralogical characters ; but the rocks of this system of slates re- 
semble the rocks which occupy the same position in Rensselaer and Wash- 
ington counties, in New York, as well as the slates which extend through 
the southern states. 
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or bunches. Sulphuret of iron in fine particles is often present, 
and destroys the siste sooner or later by its decomposition. 

§ 35. The beds of roofing slate and which are situated above 
the limestones, are the best known at the Hoosick quarries. 
They have been extensively opened at Hoosick Four Corners 
and at North Hoosick. The slates are blue, fine grained and 
even bedded. At North Hoosick, slates of a suitable thickness 
for roofing have been obtained five feet long and two feet wide. 
One surface of the slab was as perfect as could have been made 
with a plane. 

The dip of the rock is east 20° south. The angle of dip 
45°. There are local variations, both as to the direction and 
angle of dip. 

The most interesting fact respecting the Hoosick slate is, 
tliat they contain fossils, and so far as discoveries have as yet 
been made, they are the lowest and oldest rocks in which fossils 
occur in this system. 

A difierence of opinion existed at one time, respecting the 
class to which they belonged; from their close resemblance in 
texture to fucoids in the 3ags and slates of Washington county, 
they were regarded as vegetables. I still entertain doubts 
apon the question, but as it seems to be generally conceded 
that they are animals, belonging to the family of graptolites, 
I am disposed to concur in that opinion. 

As in the lower roofing slates so in these it is difficult to 
•determine their thickness. It is evident that a dislocation 
lexjsts at Hoosick falls, three miles northwest of the quarries. 
Tliis dislocation pursues a route which leaves the quarries, 
.about half a mile in a straight line, to the eastward. The first 
squarries wbich were opened, were near this line of dislocation 
at a place on the west side of the Hoosick at the bridge. West- 
ward, ithe slate forms the base of the hill. Going east how- 
.ever from the old quarry at the bridge of which I have spoken, 
the series of beds is unbroken. A good section may be obtained 
«by followAEg up a small stream about half a mile southwest from 
Hoosick ialls which runs down the slope of the hill, where the 
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quarries are opened. This stream lays the rock bare at many 
places, disclosing a uniform dip and a regular succession of 
beds. The same mass of slate extends at least a mile in a 
direct line east from the quarries, passing over a wide ridge, 
at the base of M^hich it is probable there is another dislocation. 
The next ridge east is still slate. But if the estimate of thick- 
ness is based upon that part of the series which forms the ridge 
spoken of, the entire mass is 5000 feet thick. The lower part 
of this mass is silicious, and coarse, and resembles the rock 
which overlies the limestone near the state line. It soon 
becomes softer, finer grained, in the ascending series of beds. 
But as a whole it is a roofing slate and I have not been able to 
discover those beds of sandstone which resemble those so com- 
mon in the higher part of the series. The slates therefore form 
a mass which are properly worthy of a distinct notice; and, as 
they contain the oldest fossil known, they become still more 
interesting as a series of beds. 

The graptolites are confined to a limited space. In this 
respect they agree with ail fossils belonging to the oldest series 
of rocks 

There are probably two species, but as the impressions they 
have left are obscure, I have figured but one, selecting that 
whose characters are preserved the best. 

§ 36. Roofing slates extend southwards through Pennsylvania, 
Virginia and North Carolina. Those of Albemarle county in 
Va., are fissile and generally blue, but purple and red beds 
occur. In Chatham county in N. C, upon Rocky river, light 
green slates are abundant which split in very thin lamina on 
being heated. Six miles north of the Gulf, Chatham county, 
fine purple slates have been discovered, but as there is a cover- 
ing of soil it is difficult to determine whether they are of any 
value commercially. Geologically they show the persistence of 
the rock. It should be stated that those of Albemarle county, 
Va., and Chatham, N. C, are upon the east side of the Blue 
ridge. They probably belong to the oldest beds, or those 
which lie beneath the limestone. In North Carolina, I have 
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been unable to determine their relations to the limestone, as it 
does not exist on the east side of the Blue ridge. They occupy 
a position which proves their sedimentary origin, inasmuch as 
they are not removed very far from beds of conglomerate. 



ABSENCE OF CARBON AND ABSENCE OF FOSSILS IN THE LOWEE 

TACONIC ROCKS, ETC. 

§ 37, The absence of fossils in the lower Taconic rocks ex- 
cepting in the Hoosick slates, has been attributed to the changes 
which they have undergone by the agency of heat. This 
doctrine, however, should not be adopted without an examina- 
tion of its claims to our belief. 

If the relations of limestone of Berkshire are carefully ex- 
amined it will be found that they were deposited upon sediments 
beneath some 1000 feet thick. The question then comes up, is it 
probable that sufficient caloric could have penetrated through this 
thick mass of different rocks varying considerably in their con- 
ducting power to have given the particles of carbonate of lime 
that mobility so necessary to their crystallization — for it must 
be conceded that it is only through this thick series of rocks 
that heat could have affected the limestone, since porphyries, 
trap, or pyroplastic rocks are wanting through the Taconic range. 
Not only are the traps rare in this range but dykes of injected 
rocks are rare in a large part of the Hoosick mountain range. 

If we turn our attention to the slates, they appear to be 
formed of materials scarcely differing in the condition they 
were before consolidation had takr?n place. If the breccias 
^nd conglomerates are examined their fragments are still like 
those of the parent rock. 

When the color and grain of the Berkshire marble is compared 
with that of the Trenton limestone in the southwestern part of Vir- 
ginia, the color as white and the crystallization is nearly as per- 
fect in the latter as the former, and yet the fossils are preserved in 
the latter with all the distinctness and perfection that they are at 
Trenton falls in N. Y. Crystalli^eation does not obliterate fossils. 
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I infer from the foregoing; facts that there is little probability 
that animals and plants existed at the time the Berkshire lime* 
$tone was deposited. 

At this period there seems to be an absence of carbon. The 
dark color of the limestones of Berkshire is due to the slates 
or else to sulphuret of iron, and besides the uncrystallized 
gray limestones of southwestern Virginia and Tennessee are as 
destitute of fossils as the Berkshire marbles. 

Again I remark that it follows, that the absence of fossils is 
due to the period and not the condition of the rocks; and hence 
too, it follows on palaeontological grounds the Taconic system 
is distinct from the Silurian. It may be laid down as a principle 
in geology that in all countries the formations are to be worked 
out and determined on evidences furnished by each country 
respectively. American geologists will not try their formations 
exclusirely by those of England or Russia. 



ORIGINAL POSITION AND VARIABLE THICKNESS AND EXTENT OF 
THE MEMBERS COMPOSING THE TACONIC SYSTEM. LONG PERIOD 
OF REPOSE DURING WHICH THE MEMBERS WERE DEPOSITED, 
ETC. 

§ 38. That the present condition and relations of the mem- 
bers of the Taconic system may be understood and 'made in- 
telligible to the student, I have presented in a diagram the 
original position of the members of the series as they were 
probably deposited. It is designed to illustrate also the facts 
respecting the variable thickness of the members of the series 
at different places and their discontinuance in consequence of 
thinning out, and the limited area over which some of them 
were expanded, and the probable fact that the plane of deposit 
was subject to oscillations^ or an upward movement in consequ- 
ence of which the superior rocks would not be extended far 
enough towards the base of the system as to cover or overlie 
the oldest members of the series, their outer margins would be 
confined within the outer rim of the basin. 
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Of all the members of the series, it is probable the con-* 
glomerates and quartz rocks are the most limited, or confined 
to the smallest, and the slates and limestones are the most ex- 
panded or spread out over the largest areas. 

In the Taconic system we have the usual evidence of a long 
period of repose during which the rocks were formed, for 
although these may have been feeble upward movements as 
stated in the foregoing paragraph, still the evidence seems to 
be that disturbances of the soil were scarcely greater than 
during the period when the Silurian rocks were deposited. 

Towards the close however of the Taconic period, we have 
abundant evidence of a change in the condition of the surface, 
for we find brecciated conglomerates among the upper members 
of the series, and besides at many points where the junction of 
the lower Silurian and Taconic rocks are exposed, we may 
observe that the beds of the latter are inclined, or had under* 
gone a change of position prior to the deposition of the former. 
When they received their present steep southeasterly dips is 
not easily determined, but that it was just prior to and during 
the lower Silurian period is probable from the fact that the 
outliers of this system were not expanded over the lower beds 
of the Taconic system in consequence as it would seem of the 
elevation which the surface had undergone. In confirmation of 
these views I shall show that this period was one which was 
marked by numerous fractures and the intrusions of trap and 
metallic veins. . 

But leaving for the present the consideration respecting the 
period when the rocks of the Taconic system received their 
present dip and position, I may observe that as a general fact 
they dip towards the southeast at an angle varying from 20° to 
45°, and even frequently they are much steeper. This inclina- 
tion furnishes so few exceptions that it may be regarded as a 
general fact. In consequence of this fact we are obliged to 
offer some explanation which shall account satisfactorily for 
the apparent position by which the newer rocks appear to be 
older than those which lie at the base of the system. 
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This explanation it appears to me is found 
in the numerous dislocations which are known 
to exist in the belt of country occupied by 
these rocks, and whose gec^raphical position 
in New York, Massachusetts and Vermont, is 
upon the western slope of the Green moun- 
tains and which is bordered on the west \>y 
the Hudson river and Lake Champlain.* If 
we take our departure from the Hudson river 
and travel east or rather east 16° to 20° south 
we pass over the series at right angles to the 
direction of (heir dip, and if we take no notice 
of the dislocations which iatervene between the 
river and the mountain range, our inference 
would be that we were passing from the older 
to the newer. 

If we take notice however of the disloca- 
tions we shall find the series broken up into 
segments, each successive segment embracing 
a series older and below the one immediately 
west on the tine of our section. In some 
instances it is true there is a repetition of rocks, 
and probably each segment always embraces 
members or parts of them which appear there 
in consequence of a repetition in two or more 
adjacent sef^ments. 

On reference 6rst to figure 8, which repre- 
sents the original position of the rocks of the 
Taconic system, we can readily conceive that 
a series of dislocations occurring at 2, 5, 7, 
and 8, would bring up all the members of the 
system. The dislocations through 6, 7, tj, 
would place the members of two segments in a 
position which would cause the newest member 
3 13, of segment 8, to dip beneath segments 6, 
and 7, embracing the limestone and roofing 
slates already described. 

* I am obliged to insnrt In this note, that I do not 
u^Qine that the Hndaon river or L«ke ChiimpliJn are necessarily boandartea 



46 AMERICAN 6EOLOOT. 

This fact, however, may be better understood by reference to 
figure 1, where the present relations of these members 3, 2 and 
4 are given. If this view is admitted, it exhibits a true suc- 
cession when the series is taken in segments. Other views 
have been offered in explanation of the phenomena, and as I 
can not perceive in the geological statics of the region reasons 
for adopting a different interpretation of facts, I prefer the one 
I have given, as it appears the most simple. It is important 
to observe in this connection that the force which breaks the 
continuity of the strata, exerts its maximum power nearest the 
mountain chain; and hencte, it may be regarded as proceeding 
outward from it; and hence, too, the frequeney of fractures the 
nearer the rocks are to the mountain chain. This statement 
appears to be sustained by the Willidmsto^n section^ figure 1, 
where, in the space of two miles, no less than 5 distinct and 
well defined fractures or dislocations may be observed. 

So in section 2, at the eastern base of Saddle mountain, and 
at its western base, this high range is interposed between two 
Valleys; and about one mile from the dislocation, Stone hill 
breaks in upon the continuity of the valley, with a fracture on 
each side, which runs also along the base of the Taconic range 
which lies between Williamstown and Petersburgh. There is 
another class of phenomena which obscures the true explana- 
tion in cases similar to the one I have had under examination. 
There can be no doubt that hundreds of feet of solid rock have 
been removed by denudation, and certain rocks at exposed points 
have been entirely removed. Thus from Oak hill, in Williams* 
town, Berkshire county^ the series is wanting in two or three mem- 
bers whose aggregate thickness is at least 2,000 feet; the quartz 
near the summit retains id perfect freshness diluvial grooves. 
It will be recollected that quarts which corresponds to this 
upper mass of Oak hill, crops out at the foot of Saddle moun* 

to the Taconic system. But that it disappears nearly on this line, is a fact. 
It is here that it meets with the thick and heavy beds of the lower Silnrian, 
beneath which it is concealed. 



ORIOINiLL POSITION, ETC., OF THE TACCNIC SYSTEM. 47 

tain, and heavy beds of slate and limestone overlie it There 
can be no doubt, that those overlying slates and limestone over- 
laid also the quartz of Oak hill. If so, these masses have been 
removed. Members of the series, therefore, may be wantii^g at 
many places, and bence the true succession may not be made out. 

§ 39 An inspection of figure (last referred to,) shows that 
the entire thickness of a series can not be made out at any given 
place, as some of the lower masses thin out before the upper are 
deposited above them. Hence we are unable to determine 
either the true succession or the upper members of the series at 
or near the base of the system. This is the case with the Ta- 
conic system, the members do not extend eastward to Hoosick 
mountain, and probably never extended so far eastward, and pro- 
bably too the lower members which lie against Hoosick, or the 
Green mountain, do not extend as far as the valley of the Hudson. 

The greatest obscurity in the succession of the rocks arises 
from dislocation and diluvial action combined, and this obscu- 
rity is the greatest at the junction of two rocks, whose litho- 
logical characters are alike. Thus the Taconic and Hudson 
river slates, meeting as they do, in the valley of the Hudson, 
perplexes almost all observers. The difficulty is increased in 
consequence of the mechanical effects which the dislocation has 
produced upon the adjacent rocks. All vestiges of fossils in the 
soft slates are destroyed by the crushing which the rocks have 
undergone, and hence it puts it out of our power to make out 
the line of demarkation at certain points between the two sys- 
tems. The Taconic rocks in consequence of this disturbance 
are elevated higher along the margin of the Hudson, than the 
slates of the Hudson river group. Many geologists, in conse- 
quence of this fact, maintain that the former are the equivalents 
of this part of the Silurian system. I shall give most decisive 
evidence that this view is erroneous. I have offered the fore- 
going explanation respecting the phenomena, which are calcu- 
lated to obscure the relations which subsist between the 
members of the Taconic system. It seemed proper to do this 
before I described the upper members of the system. 
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SUMMARY OP FACTS RESPECTING THE LOWER TACONIC ROCKS. 

§ .40. 1. 1 have shown that the lo^er Taconic rocks, thougts- 
once regarded as members of the primary series, are truly sedi^-^ 
ments, the beds of conglomerates giving and furnishing ampler 
proof of the doctrine. 

2. That the sediments are derived from the pyrocrystalline 
rocks, at least in part, from the debris of those which compose 
the Green mountains and the Blue ridge. 

3. That they extend from Maine to Georgia, flanking con- 
tinuously the ranges I have spoken of on the west side, or else 
forming distinct ranges by themselves. On the east side, the 
development of the members is ample, yet not so perfect as 
upon the west side, and moreover differ from them in certain 
lithological characters which show certain differences in the 
circumstances which attended their deposition. Slates predomi- 
nate on the east side, and masses of chert are extremely 
common. 

4 The relations and composition of the members prove that 
they are distinct from the Green mountain rocks on the one 
hand, and from the lower Silurian on the other. The quartz 
rock of Berkshire, of Buncombe and of Cherokee county, is not 
the Potsdam sandstone, nor are the marbles and limestones 
of Berkshire the lower limestones of the Silurian system, 
neither are the slates, either talcose, magnesian or roofing 
slates, shales and sandstones the equivalents, or corelatives 
of any rocks which are known to belong to that system. 
It has Been shown that there is no similarity in kind, there 
is no similarity in sequence, and there is none in fossils to 
the lower Silurian system. None of the differences alluded to, 
can be explained by metamorphism, or inverted axes, or an 
inverted axis passing into a fault. 

The result of all these showings is, that the Taconic system 
in its lower members, is independent of, and distinct from the 
Silurian. 
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5. It will be perceived that the foregoing conclusions are 
founded mainly on stratigraphical evidence. This evidence es- 
tablishes a physical group which can not be brought in co-or- 
dination witli the lower Silurian group to which it has been 
compared. This group is mostly anterior to the organic 
period. 



THE UPPER DIVISION OP THE TACONIC ROCKS. GENERAL CHA- 
RACTfiRISTICS OF THIS DIVISION. GEOGRAPHICAL POSITION. 
SUCCESSION OF THE MEMBERS. THEY FORM A SINGLE GROUP, 

§ 40. The direct succession of the lower division having 
been determined, and their members having also been proved 
to belong to, and form by themselves a distinct physical group, 
I shall now proceed to state the general characteristics of the 
upper division. I have already shown that the lower rocks are 
represented by slates, and that they predominate so much over 
the quartz and limestones, that it might be regarded as a slate 
system. In the upper division, slates also appear in great force 
and are found in all the subordinate groups; yet, it can not be 
regarded as the predominant rock. The pure argillaceous slates, 
for example, never form thick beds without soon becoming sili- 
cious or calcareous, and perhaps both. Silicious slates and 
silicious bands and beds are every where interlaminated with 
those which are argillaceous; and besides the latter, the mag- 
nesian series seem to be wholly wanting, and are not represented 
at all. 

The series begin on the west, where we find in the lowest 
beds black slates and Uack calcareous beds, as at Easton, Wash- 
ington county, and St. Albans, Vt. The black slate is succeeded 
by silicious slates, interlaminated by thin beds of fine grained 
sandstone. 

Ascending still higher, slates and sandstones continue in 
which also we find thin bedded blue limestones without fossils, 

succeeded by thicker beds of sandstone. Among the sandstones, 

7 
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those M^hich contain carbonate of lime are quite prominent, 
and may be ibund in at least three beds; the thickest of which 
is over one hunched feet; gray sandstones, interlaminated 
with slate; thin bedded flags, with fucoids; cherty beds, green 
slates, one or more beds of vitreous quartz, coarse green slates, 
shales and grits; roofing slates, blue, green, purple and red; 
coarse sandstone and coarse shale passing into sandstone and 
conglomerates, and brecciated conglomerates. The latter ter- 
minate the series eastward, and geographically near the 
Hoosick roofing slates. In the foregoing brief enumeration 
in the ascending order, the rocks follow each other in a con- 
formable position, and beginning with thin black slates, end in 
thick bedded sandstone and conglomerates. We find no where 
the marbles of the Taconic range or their representatives; the 
quartz rock, or its representatives; the magnesian or talcose 
rocks, or their representatives; and moreover, the Columbia and 
Rensselaer roofing slates are absent. Hence it follows that the 
groups must be lithologically, and when we take into the account 
the order of superposition, they must also be, in all respects, a dif- 
ferent physical group. But if the dip and conformability 
governs the succession, we are obliged to regard the series as 
enormously thick, which with those who have not made the neces- 
sary examinations to form an opinion would be regarded as an 
objectionable feature. But the dip and conformability, how- 
ever, should govern the succession, provided proper vigilance 
is used to avoid repetitions of the masses in the different seg- 
ments of a section. 

There are two modes of guarding against error of this kind. 
The first is, to become so well acquainted with the members of 
the series, that they can be recognized. The second is, to 
examine not only the cross section on the line of traverse, but 
to examine every mass which crops out in the direction of the 
strike where it may be concealed on the line of traverse, so 
that when the rocks are concealed in a cross section, they 
should be found and determined on the lines of strike: in other 
words the succession should be made out by an inspection of all 
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its members, some where near the line selected for 
examination. I can only say, that I have availed 
myself of all the means in my power to insure 
accuracy, and after examining many sectional 
lines, I am obliged to accept of the conclusion, 
that the series are enormously thick, and that it 
becomes necessary to regard the western rocks, a^ 
the oldest, or at the bottom, and, in consequence 
of this decision, the succession bogins with tJie 
soft black slates and terminates eastward in the 
conglomerates and brecciated conglomerates in 
the neighborhood of the Taconic range. 

§ 41. I propase to describe in the next place, in 
detail, the series as they are known in Rensselaer 
and \V ashington counties, N. Y., inasmuch as here 
they may be regarded as representatives of the 
division, and as types for comparison when it 
becomes necessary to speak of the same series in 
their prolongation to the southwest. 

I have selected for my first section, the country 
lying between Comstock's landing, Washington 
county, ahd Middle Granville, a distance of ten 
miles in an easterly direction. This section is 
important as it passes over in the first place the 
primary and lower Silurian rocks. It is instructive, 
because it exhibits the relations between the latter 
and the Taconic system, and it gives us a very 
clear succession of the upper rocks of the system. . 
The sequence of the series is given in the annexed 
woodcut. No. 9. 

A, gneiss, Comstock's landing; 1, potsdam sand- 
stone with ttie overlying calciferous sandstone; 2, 
calciferous sandstone; 3, chazy limestone; 4, slates 
interlaminated with fine grits of the Taconic sys- 
tem; 5, overlaying mass of chazy limestone; 6, 
thin bedded sandstone embracing four or five thick 
beds of pallure; 7, uneven bedded slates or shales; 
8, thin bedded sparry limestone; 9, bluish slaty 
grits; 10, calcareous coarse sandstone; H, gray 
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sandstone; 12, flags containing fucoids alternating with thin 
bedded slates; 13, beds of cherty sandstone; 14, blue slates; 
16, thick bedded sparry lime; 16 and 17, roofing slates, con- 
taining a bed of sparry limestone forty inches thick. These 
slates are blue, purplish and red; 18, hard thick and thin 
bedded coarse grits; 19, slates with beds of grits; 20, red slate; 
21, slates and coarse grits alternating; 22, sandstone passing 
into breccia and embracing thin bedded slates; A, dislocation 
Pond mountain, and 23, thick bedded sandstone, breccia inter- 
laminated slates. These upper beds are found at Bird mountain, 
Grafton and Alps, Rensselaer county, N. Y. 

The series just enumerated and briefly described, begins at a 
point near North Granville which is now uncovered by removal 
of the lower Silurian limestones. The latter extend eastward 
on the sectional line about three miles and a half from Com- 
stock's landing though not continuously. The Taconic rocks 
are exposed in a gorge through which the Mettowee flows, and 
in which the calciferous is exposed in one place abutting against 
a ledge of hard Taconic shales. Farther east, perhaps a 
quarter of a mile, the chazy limestones containing Maclurea 
magna, may be observed resting upon the slates, both of these 
rocks, the calciferous and chazy limestone, extend beyond the 
potsdam sandstone. 

The fourth rock in the ascending order consists of a series of 
black slates and fine grits. The dip is east, varying from east 
to east 10° south. Angle of dip from 30° to 67*. A part of 
the series which succeed the foregoing, and which extend to 
the thin bedded chazy limestone, consist of thin bedded sand- 
stone alternating with green thin bedded slates, embracing a 
few thick bedded sandstones. I am unable to state their thick- 
ness accurately, but have estimated it at 1500 feet. The thin 
bedded blue limestone which is destitute of fossils, is only 12 
feet thick. 10, The calcareous sandstone, this is separated 
from the limestone by about 100 feet of bluish slaty grits No. 
9. The calcareous sandstone is a coarse grained rock contain- 
ing from fiileen to thirty per cent of carbonate of lime, and 
six per cent of oxide of iron. The carbonate of lime is 
usually dissolved out of that part of the rock near the surface. 
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and hence it becomes brown and porous and frequently a light 
spongy mass of a drab color, sometimes it is a coarse brown 
friable grit of slightly coherent grains of quartz. 

The different beds of this rock traverse the whole county. 
Their thickness is 12, 15 and even 100 feet. They are situated 
near the beds of limestone, being separated by slate and slaty 
sandstone, but I have never observed that the calcareous sand* 
stone ever passes into the sparry limestone. The rock which 
succeeds the calcareous sandstone is a gray or greenish gray 
sandstone. It is finer than the former and does not weather 
to a drab^ or disintegrate so much. 12, Flags containing an 
abundance of fticoids. These masses are really thick bedded 
slates splitting into layers from one and a half to three inches 
thick These alternate with thin bedded slate. Above the 
latter there comes in a succession of cherty beds, vitrified 
masses, mostly thin bedded and of green or greenish color. 
The rock breaks with a conchoidal fracture, and much of it is 
a perfect hornstone^ and is about 100 feet thick. 14, Blue slates 
which contain a bed of quartz 30 feet thick, above the quartz 
rock the slate becomes coarse and is really a gray or greenish 
gray sandstone. 15, Sparry limestone. 16 and 17, Roofing 
slates; the lower beds are uneven bedded, but pass into even 
bedded roofing slates which are divided by a lingular bed of 
sparry limestone, forty inches thick. The slates are very firm 
and free from sulphuret of iron. They are blue, purple and 
red, and will receive a high polish. 

In addition to the common material for roofing, these beds 
furnish fine even beds of flagging, two and two and a half 
inches thick, which appear perfectly solid, and in which it is. 
impossible to discover the slaty cleavage which in these beds 
coincide with the planes of bedding. 

These beds occupy, it will be perceived, a position considera- 
bly higher than the Hoosick roofing'slate^ and it will be seen 
also that their relations differ materially from them. They con- 
tain branching fucoids, but no graptolites have been observed 
among tbem. Over the slates I find a gray coarse grit, or rough 
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sandstone somewhat similar in appearance to the calcareous sand- 
stone or grit already described. The beds are thi:k and uneven, 
and do not readily split Between these sandstones and the bright 
red slates, there intervenes a thick mass of slates containing harsh 
greenish grits. The red slate is the most remarkable rock of 
the series, being perfectly well defined and extending through 
the whole country; they cross the road at Granville corners and 
pass Middle Granville about a half a mile to the east. The beds 
of slate is 150 yards across, and have an angle of dip about 
45®. They are titanium red, and stand the weather better 
than any variety of slate in market. Grits and slates into 
which beds of sandstone are introduced succeed the red slate, and 
as the coarseness increases, the sandstones become predominant, 
and finally, we find conglomerates and brecciated conglomerates. 
They are exceeding hard and tough, and are only slightly sub- 
ject to disintegration. They are usually greenish and often look 
like porphyry. Chlorite forms a part of the paste in which the 
pebbles are inclosed. This series terminates with the brecciated 
conglomerates. This line of section extends twelve miles. The 
average dip for the whole distance is about 40°, and as the suc- 
cession is not repeated, or if so it is not recognized, the thick- 
ness is not less than 25,000 feet. 

In comparing the series with the Hudson river, we can not 
fail to observe many striking differences. The greatest thick- 
ness of the Hudson river slates and sandstone, in Albany county, 
is 700 feet, and although Prof. H. D. Rogers gives 6,000 feet 
as the maximum in Pennsylvania, still in Virginia it is not 
over 700 feet on the western slope of Walker's mountain. If 
we begin an examination at a high ridge, three-fourths of a 
mile southwest from North Granville, and then extend our 
course east to the Pond mountains, we keep in sight the several 
rocks of the section, or we need not lose sight of them. At 
the western base of the Pond mountain, four miles east of Middle 
Granville, there is probably a dislocation. What I mean to assert 
is, that the evidence renders it probable that the succession is 
without a dislocation, or repetition. We find continually new 
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members of the series in the ascending order. If this is true, 
and even admitting faults and dislocations, the series forms a 
physical group unlike either the lower Taconic rocks, or the 
Hudson river. It would be a perfect geological anomaly if we 
succeeded in making out both divisions of the Taconic system 
equivalents of the Hudson river group. The upper and lower 
divisions, however, are both claimed, but the sections for their 
illustration show that neither can be regarded as lower Silu- 
rian; for neither one nor the other can be brought as physical 
groups into coordination. The assumption becomes ridiculous 
when it assumes that both, which are so unlike each other in 
their general and special characteristics, are metamorphic 
Hudson river slates and sandstones. As the difference existing 
between the upper and lower Taconic rocks has been attributed 
to a higher degree of metamorphism only, it is fitting that this 
view should be met with a few remarks in this place. Meta- 
morphism occurring in the sedimentary rocks is usually pro- 
duced by the presence of pyrocrystalline, or pyroplastic rocks 
intruded among them. But from North or Middle Granville to 
the highlands of the Hudson I know of no trap, porphyry or 
granite. There is therefore a cause wanting to produce the 
condition claimed; a condition which has really no existence* 
unless it is found in the marbles of Berkshire, Rutland, etc. It 
is scarcely necessary, however, to dwell upon this assumption; for 
even if the fact respecting metamorphism was true to the whole 
extent claimed, it could not become a material argument in 
proving the Taconic rocks to belong to the lower Silurian 

Note. — On opening quarries for slate, flags, etc., it sometimes happens that 
very limited dislocations occur, involving a derangement of some eight or ten 
feet, but \>j dislocations and inversions such as involve the repetitions of an 
entire series of beds, manj hundred or perhaps a thousand feet thick, I am 
confident do not occur upon any line section which I shall give. 

* In the case of marble the assumption is uncalled for, inasmuch as the 
limestones which belong to the primary series are white and crystalline ; the 
debris from a limestone in this condition, would, when consolidated again, be 
as white and crystalline as the parent rock. 
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period. Metamorphism only changes the physical condition of 
rocks, and the causes which are intimately connected with it, 
may so far change the conditions of masses locally, as to obscure 
their characteristics, but the succession remains essentially the 
same, and in this respect it is impossible that metamorphism 
could have been an agent in effecting the differences which 
exist. 

§42. Topagraphy of the western part of the belt through 
which the section ruiis, — Before I attempt to describe the par- 
allel series south of Granville, it will be instructive to bring 
before the student certain facts respecting the topography and 
geological structure of the. belt which skirts the valley of the 
Hudson. If we ascend the highest points of lam! in the western 
margin of this valley, we shall see northward a series of knobs 
of a moderate height rising along this margin as far as the eye 
can see, and if we go up the valley we shall pass these knobs, 
which we shall find occurring every two or three miles and 
which are separated from each other by oblique valleys, which 
connect the bottom of the Hudson valley with the table land 
immediately east. This range of knobs is an important land- 
mark, as it lies along the great Hudson river fault, and indicates 
its eastern side. This line of fracture and dislocation runs N. 
37<* E. East of this range of isolated hills, which rarely exceed 
500 feet in height, the country rises in ranges of hills and low 
mountains, which run parallel with the Iii>e of fault; and where 
the ridges approach the Green mountains we find that they, 
too, are situated upon lines of fractures parallel with the first 

But to return to the consideration of the first line of hills or 
knobs. I wish to state, in the first place, that they are usually 
capped with the lower Silurian rocks similar to that of Canton- 
ment hill; thus Bald Mountain, Mount Tobey and Willard's 
mountain, with many others, are lower Silurian at their sum- 
mits. Now, when we look beneath the lower Silurian beds we 
invariably find them reposing upon the Taconic system. It is 
true we are not always able to 5ee the line of junction; but one 
observation which gives us the result I have stated is enough to 
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settle the fact as it regards all of them. But it is true that in 
almost every instance the junction can be seen, or else the re- 
lations are so clearly indicated by phenomena, in each respective 
case, that we are scarcely left in doubt respecting the suppo- 
sition I have just affirmed. I do not wish to follow up this 
point any farther at this time, and I have only to state that my 
lines of section are selected with reference to these knobs. The 
one already described and illustrated with a wood cut passes 
through a hill three-fourths of a mile south-west from North 
• Granville across this line of fracture where the thin bedded blue 
limestone occurs. The Silurian system does not reach this 
point, but remains in the valley west, occupying here the same 
relation to the Taconic system that it does in the knobs I have 
spoken of. 

The next sectional line I shall describe runs through the tri- 
lobite locality four or five miles north of Bald mountain. The 
slate in which I found the trilobites is in the road near the 
house of Mr. Reynolds. The rock is a dark green slate, the 
surfaces of which are glazed, or often appear as if they had 
been covered with a black varnish. When split through planes 
which are only imperfectly fissile, the fresh surfaces are ferru- 
ginous. It is herei that the £liptocephalus and Atops were found, 
both of which have proved to be not only new species, but to 
belohg to new genera^ unless indeed the first is a Paradoxides 
with which it has certain characters in common. 

The slates dip east 10° or 15° south at a steep angle; west- 
ward the surface ris6s into a ridge, and the rock becomes 
more slaty and takes in calcareous beds. Upon the top of the 
ridge one-fourth of a; mile west, the calciferous sandstone oc- 
cupies the ridge, and at its western base are the slates conform- 
able to the trilobite beds. Eastward from the trilobite beds, 
th6 same rock continues 100 or 150 feet, when it becomes a 
hard quartz rock, some ten or fifteen feet thick, which passes 
into a black shining slate, which in its turn changes eastward 
into coarse grits. A meadow some eighty rods wide intervenes 

between the road and a ridge, three-fourths of a mile east; when 

8 
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upon its western slope we foiuid fine green slate ciopping out at 
its base, which in ascending becomes coarse and ferruginous, 
and layers of a quartzose sandstone and thin bedded grits and 
slates. At the top again, or just over the eastern slope thin 
bedded quartz filled with particles of oxide of iron forms a. 
mass twenty or twenty-five feet thick. 

This locality with its grits, slates, quartz, &,c., has been re- 
ganled as the equivalent also of the Hudson river group, the 
presence of trilobiles is taken in proof of the assumption, both of 
which, however, have been shown to be new, and are not known 
to occur in beds with the other characteristic fossils of 
this group. Besides, between the trilobite bed, in the calca- 
reous slates, which would be the equivalent of the Trenton lime- 
stone, lossils have not been found at all. So constant are Tren- 
ton fossils in Trenton slates and limestones, that there is no 
known exception in New York, Pennsylvania, Virginia and. 
Tennessee, of their absence in the beds of this period. Besides, 
the beds above the trilobite beds, though there are very good 
exposures of the masses for half a mile, do not contain fos- 
siliferous bands as in the true geological Hudson river group. 
It would be regarded as a very singular anomaly, if these rocks 
should turn out to be the Hudson river group and that all their 
fossils should disappear the moment they were raised to the 
surface on the east side of the Hudson valley, when at Snake 
mountain nearly opposite and a few miles only distant, the 
Hudson river group is finely developed and its members highly 
charged with fossils. Again, the group is physically different 
and its characteristics stand out strongly in contrast. 

Dr. Fitches Section through Washington county. — Dr. Fitch 
of Salem has published* a section through Bald mountain, in 
which we agree in the sequence of the rocks, excepting those 
at Bald mountain, which represents the limestones as dipping 
beneaih the black slates, etc., instead of which, it is perfectly 
plain, that the limestones rest upon the slates. Beginning 

t Trapsactio^s of the N. Y. Agricultxural Society, page 820. 
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above the limestones, his section reads: 1, black slates with 
trilobites^ answering to my section at Reynolds; 2, slates in the 
ascending order, argillaceous and silicious slates; 3, thin bed- 
ded limestone, equivalent to the first limestone in my section; 4, 
sandstones, answering to the first sandstones in my section; 5, 
silicious slate; 6, sandstone; 7, limestone; 8. green flinty slate; 
9, slates with fucoids; 10, red slate; 11, sandstone, 100 feet thick, 
answering to my calcareous sandstone; 12, limestone; 13, 
slaty beds of sandstone, containing fucoids; 14, sandstones; 15, 
sandstones, these are the thick bedded sandstones of my section 
at Granville; 16, fucoids; 17, limestone; IS, chocolate colored 
slates; 19, glazed, and 20, black slates; 21 ,soft, green and vari- 
ously colored crushed slates, which no doubt are the equivalents 
of the Columbia county roofing slates; 23, sparry limestones; 
23, soft talcose chlori^ic slates The section terminates in the 
quart2 rock dipping west, and conformably to the gneiss of the 
Green mountains, a representation, which if true, is certiiinly 
uncommon. Slate in the upper division, it will be seen, occu- 
pies more space than the shale or sandstones, and Iheir condi- 
tion is rarely changed sufficiently to obliterate the organisms if 
they were ever the receptacles of any. It is in slate that the many 
thin beds of limestone, calcareous sandstones, gray sandstones 
and brecciated conglomerates occur It is a system really pro- 
tean from the numerous kinds of rocks which it contains. When 
the rocks are opened in quarries, we find them more protean 
than the unbroken surface indicates; thus in a slate quarry at 
Salem, four or five thin beds of limestone occur which were not 
seen before it was opened. The soil covers large areas and 
conceals much that would be important in assisting us to make 
out those details which. are required for a*full knowledge of its 
inorganic composition. Sections corresponding to those of 
Washington county might be described, also, in Rensselaer 
county. A brief notice of one passing from Bath to Alps, fif- 
teen miles east, is 'all that I deem necessary to give at present. 
At and from Bath, three miles east, the rock is mostly con- 
cealed by Albany clay. A ridge of rock near Blomingdale 
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crops out with a steep west dip and continues more than one^ 
fourth of a mile eastward. These steep dipping rocks belong 
to the Hudson river group. Just east of Blooming Grove the Ta- 
conic slates crop out with :i southeast dip, at an angle of about 
35^. The slates contain a few hard silicious layers. The 
masses are so well exposed either in the road or adjacent fields 
that it is possible to obtain an unbroken succession of beds to 
East Sandlake, a distance of seven miles. The rocks are 
mainly slates, flags and thin bedded limestone without fossils. 
At Sandlake, the rock has become a thin bedded sandstone 
alternating with beds of greenish slates. These continue with 
a few variations to Alps, where we begin to obtain overlying 
conglomerates and breccias, more or less chloritic, which con- 
tinue up the next rise of hill east from Alps. From these 
brecciated beds we pass to the lower Taconic series in Stephen- 
town, consisting of talcose slates with limestones and marbles. 

At West Sandlake there is a dislocation, but west from 
Blooming Grove to this place, a distance of four miles the se* 
quence is unbroken. That a very minute examination might 
detect dislocations upon a small scale is highly probable. The 
average dip is 40®. We have therefore on this section the 
same facts which sustain the view already expressed, that this 
series is enormously thick. At one point on this section, there 
is a change of dip for thirty or forty feet, but the rocks 
resume their regular dip so speedily that it seems to be only a 
local variation which has no influence on general results. 

A section in Prof. Mather's report of the geology of the first 
district of the New York survey and extending from Poughkeep- 
sie east to Sharon, Conn., gives the same or nearly the sagie 
details. This section crosses the Taconic system, as w^ find 
in the series of rocks indicated upon the section, green, red and 
black slates, silicious slates, thin bedded limestones interlam- 
inated with thin and chloritic slates, etc. The section is not 
designed to give a detailed illustration of the rocks over which 
it passes; but it contains enough to show that the protean 
group of slates, shales, sandstones and limestones, belong to the 
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same series as those I have described in Washington and Rens* 
selaer counties. 

This series crosses the Hudson river between Poughkeepsie 
and New York and passes through Orange into New Jersey and 
onward to Pennsylvania and Virginia. 

The next section which I shall describe, runs from Abingdon, 
Va., to Taylorsvllle in Tennessee. The rocks at Abingdon, Va., 
are limestones, alternating with beds of green, red and choco- 
late colored slates and gray and red sandstones. On the road 
leading to Taylorsville, the principal rocks are slates and lime* 
stones which are frequently escposed, but which generally are 
quite irregular in dip, being much bent or arched, so that 
frequent repetitions occur. I notice this route because I found 
a portion of the upper series much better exposed than in other 
sections, where the series are even much less disturbed. 

At the for4 on the middle fork of the Holstein, the limestone 
on. the west side dips southeast with an angle of 80^ This is 
succeeded by heavy beds of green and black slates; but the beds 
are frequently concealed. 

Thirteen miles from Abingdon, having passed over repeated 
repetitions of slate and slaty sandstone and limestone, iuere is 
a cba,nge in the rocks* The first intimation of a change is the 
occurrence of a low flat arch of reddish thick bedded sandstone 
alternating with slate; it overlies the slates and limestones 
which have been referred to. The sandstones are both reddish 
and gray, and continue exposed on the road, and constantly 
increasing in thickness for three or four miles, where the thick 
bedded sandstone is succeed<ed by conglomerate^:, breccia and 
interlaminated slates. The breccia is often feldspathic and re- 
sembles porphyry, but it Is found to be on a. strict examination 
a sediment, made up of or derived from a flesh colored granite. 
Both the sandstones, and brecciated conglomerates are chloritic, 
and hence this deep green trappean color. On comparing this 
formation with that of Grafton mountain, Rensselaer county, N. 
Y.,I find there is a perfect similarity. It is impossible to distin- 
guish Sipecimens apart. On the Laurel a branch of the middle 
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fork of the Holstein, 16 miles from Abingdon, this series attains 
probably its greatest thickness. Here the conglomerates and 
sandstone are at least 500 feet thick in a single cliff. 

This section is important as it confirms the opinion already 
expressed relative to the succession of the rock of the upper 
division. Here the thick bedded sandstones and breccias are 
seen in position overlying beds of the thinner bedded slates and 
limestones. 

In approaching the Iron mountain, as it is locally called, 
from the occurrence of brown hematite as in Berkshire, the 
thick bedded sandstones and conglomerates thin out, and we 
pass over a succession of blue and red slates with gray slaty 
limestone belonging to the lower division. These continue to 
Taylorsville. The lowest of the rocks of this division are the 
talcose slates and quartz, which are passed over on the route to 
Jeffersonville in Ash county, N. C. Stone mountain is an 
enormous development of these rocks and has already been 
referred to. 

§43. Great Limestone Valley of Virginia and Tennessee.-^^ 
The limestone valley of Virginia is celebrated the world over 
for its fertility and its wealth. The flowing outline of its hills, 
with their green slopes, forms a beautiful picture for the painter. 
It is no less attractive to the geologist, for here are some of the 
finest developments of the palaeozoic formations which the coun- 
try affords. The limestones belong in part to the lower Silurian 
and in part to the Taconic system. While the former main- 
tain their usual developments, and resemble in almost all re- 
spects the same rocks in New York and Pennsylvania, the lime- 
stone belonging to the Taconic system seems to be much greater 
in extent and thickness than in the northern states. To illus- 
trate in part this view I made a section in Wythe county, near 
the residence of Colonel Rapier, a gentleman well known in 
Virginia. The limestones and interlaminated slates and sand- 
stones are so well exposed by the road and adjoining fields, that 
the true sequence is easily determined. Fig. 7 illustrates the 
secession or sequence of the rocks at this place. Their dip is 
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nearly southeast, and usually it amounts to 40<*. 

The section extends one and a half miles, nearly 

at right angles to the dip. The enumeration is in 

the descending order: 

1, hard sandstone thirteen feet; 2, fine grained sand 
stone sixty-five feet; 3, slates 300 feet containing 
beds of limestone six feet thick; 4, blue limestone 
thirty-six feet; 5, purple sandstone 464 feet, and 
containing purple slates twelve feet; 6, decomposing 
drab colored slate 250 feet; 8, cherty limestone; 9, 

f;reen and drab colored slates; A A includes the blue 
imestone; 10, concretionary limestone associated 
with brown hematite; the thickness of these lime- 
tones is 1400 feet; 12, red and purple slates 200 feet; 
13, red and green slate 400 leet, containing a few 
beds of limestone: 14, chocolate colored slates 600 
feet, containing a few beds of slaty sandstone; 15, 
coarse slaty sandstone. 

It will be observed that this mass of limestone 
is bounded on each side by beds of slate and sand- 
stone, with but few beds of limestone. This section 
I believe corresponds, at least in part, to the upper 
Taconic rocks of Washington county, New York. 
If so, the limestones which are known in the slates 
at the north must have become much thicker in 
their extension south. I am, however, unable to 
account satisfactorily for the development of lime- 
stone in Virginia and Tennessee and throughout 
this great valley. A question will probably arise, 
whether these limestones may not belong to the 
Silurian period. On this question I remark, first, 
that as a group it is not Silurian; second, consid- 
ered palsBontoIogically, it is not Silurian, inasmuch 
as it is destitute of fossils. After devoting some 
time to a careful examination of the weathered sur- 
faces of the limestone and also to fractured surfa- 
ces, I was unable to discover a trace of organiza- 
tion. In this examination, I believe every bed 
received attention. I inquired of stone masons and 
of those who were constructing roads, if they had 
seen a fossil of any kind in these limestoues^ ^lid. 
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the answer was always in the negative; still, it seems probable 
that they will yet be found. 

In respect to organisms, then, they stand out in strong 
contrast with the lower Silurian limestones of the neighborhood, 
for the moment these are examined fossils are found abundantly. 
The geologist may pass from the nonfossiliferous limestones 
and interlaminated slates in half a mile to the Trenton and 
Chazy limestones, and he will find there all the characteristic 
fossils which belong to them in the valley of the Mohawk. 
Again, it is not metamorphism, which renders the rock so per- 
fectly barren of organized bodies, nor to the presence of chert 
or deleterious matter. 

It seems, therefore, that the absence of fossils is significant 
of the period in which they were found, and this opinion should 
be received until it can be shown by the presence of character- 
istic organizations that they belong to the Silurian period. 

I now propose to connect the last section with another (fig. 
8), which includes the carboniferous and lower Silurian in the 
relation which they hold to each other, in the whole of the 
south-western part of Virginia. 

1. Limestones of the Taconic system, which constitute a 
part of the series in fig. 7, and which are connected with 
slates, sandstones, &c. At this point they form the north- 
western part of a synclinal axis, which terminates against the 
carboniferous system, 2. On the west side of the fracture the 
systems are separated from each other only a few yards; 3, 
black calcareous slates of the Devonian period. The carbonif- 
erous and Devonian are represented by a series less than a 
thousand feet thick, and hence all the upper Silurian and most of 
the. Devonian and carboniferous are absent; the Devonian is 
represented by a few beds only^ which rest immediately upon the 
Niagara group, A. This is a cherty, concretionary and lumpy 
mass, a perfect confusion of beds. 4. Clinton group, vfith its 
beds of sandstone, slate and oolitic iron; 5. Medina sand- 
stone; it always forms the crests of the mountain ranges of this 
region; 6. Lorraine shales, consisting also of green sandy marls. 
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(tren bedded, and weathering to a diab color; below them the 
black colored calcareous shales with chstetes, Leptfena serices, 
atternata, &c; 7, A mottled sandstone, termin- 
, ating in beds of conglomerate, and which may be 
an equivalent of the Caradoc sandstone; 8, Tren- 
ton limestone, with Isotelua gigas, Ceraurus pleu- 
rexanthemus, &c; 9, Birdseye and Chazy lime- 
' b stone, with Maclurea magna; 10, Calciferous 
I sandstone; 11, Potsdam sandstone;F,fracture; 12, 
Carboniferous sandstones and shales. The dis- 
' tance between F F is about o:ie mile. As mem- 
0^ bers of the Silurian system, the series will require 
but few remarks at the present time, and in this 
place. They are brought in contrast with the 
Taconic series, and being rich in their character- 
' islic fossils, it seems to me that this fact, taken 
in connection with the relations they exhibit to 
each other, places the independence of the Taconic 
- system in a very strong light. It is plain enough 
that from 6 to 11, the series represent the lower 
Silurian most perfectly as it exists in New York, 
= excepting the intercalated sandstone which con- 
tains fossiliferous bands, in which I found the 
Bellerophoo hilobatus. As a physical group, the 
' lower Silurian is in perfect accordance with New 
York rocks, and as an organic group it is very 
interesting toknow that at a distance of one thou- 
sand miles from norlbem New York this series 
" ° gives us such a perfect accordance also. The 
whole series from F to F does not exceed 4,000 feet 
g ^ in thickness, and that part of it included between 
^ cq 4 and 1 1 is quite as thick as in New York. A few 
miles eastward (about ten miles) the quartz rock, 
with its slate of the Taconic system, is thicker 
than the series included between'6 and 1 1. But I 
need not dwell on facts and arguments of this kind, 
«specially when they may be regarded as inconclusive or not 
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perfectly satisfying the evidence required. Still, I may add in 
this place to what I have already stated, that I believe that the 
Taconic series crops out from beneath the Potsdam sandstone 
at Shannon's on the north fork of the Holstein, sixteen miles 
from Wytheville; that the Taconic series plunges beneath the 
carboniferous at F, fig. 8, on the right, there is no doubt, and 
that it outflanks the lower Silurian is equally certain, inasmuch 
as it abuts against the saliferous and plaster series in Smith 
county. It, therefore, outflanks the Silurian or extends beyond 
it, at the western base of Walker's mountain. 

There is probably no better section in Virginia than the one 
extending from Wytheville across the Iron, Little Brushy, Walker 
and Garden mountains, which furnishes that evidence in. the 
form of contrast between the Silurian and Taconic system, which 
is very striking and conclusive. This section crosses the Alle^ 
ghanies near the head waters of the Holstein, Clinch and one or 
two branches of New river. The easterly range of the Iron 
mountain Is composed of quartz and the lower slates, from which 
we descend into the great lime stone valley of Virginia. Before 
reaching it we pass over inany members of the upper division 
which crop out near its western base some two miles east of 
Wytheville. The latter place is upon the limestone commonly 
called the blue limestone, and which is finely exposed at numerous 
places in the valley. It evidently forms a synclinal axis, inas- 
much as the rock east of Wytheville dips to the northwest, while 
near the base the dip of a similar series of beds is easterly at 
a steep angle. The dip, however, inclines towards the base of 
the Queen's knob, in the vicinity of which the most prominent 
rocks are carboniferous and lower Silurian, all of which dip 
southeasterly. The section, fig. 11, crosses the Little Brushy a 
little north of the Queen's knob. It passes only the first range. 
The ranges succeeding this as far west as Tazewell are repe- 
tition of the rocks of Little Brushy mountain. 
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THE FRENCH BROAD, HIWASSE AND OCOEE SECTIONS. 

§ 44. The soath furnishes many excellent sections of the 
upper Taconic rocks. The French Broad, after leaving the 
Warm springs in Buncombe county, cuts through a mountain- 
ous belt where the banks and cliffs upon the river show to good 
advantage the green, black and red slates; broWn and gray 
sandstones interlaminated with slates and conglomerates. Beds 
of quartz nearly solid are not unfrequent, of which a remarka- 
ble one crosses the river about eight or ten miles west of the 
Warm springs; it is massive and thick bedded, and in conse- 
quence of its composition resists atmospheric agencies^ and 
hence it stands out in bold relief on the mountain slopes. 
Hence it is a prominent cliff on both sides of the mountain 
which here encroaches upon the banks of the river. It may be 
traced up the sides or down one side of the mountain to the 
river's bank, forming a ridge where it crosses the road, and ex- 
tending in an unbroken bed across it, it mounts up again on the 
other side to the top of the mountain to the height of 600 or 
700 feet. The bed is fifteen feet thick, dips west or down the 
stream and makes with the horizon an angle of about 36\ 
The most remarkable fact is, that this massive quartz bed 
has been worn down so as to admit of the passage of the 
river. The part worn out is of the form of a horse shoe with the 
concavity directed up the stream. I had supposed that in 
almost all cases where rivers and streams flow through rocky 
gorges, that the rocks were first broken in the direction of the 
flowing stream but here there is no evidence of fracture. The 
river, it seems now, must have encountered this formidable 
barrier and have worn down the rock inch by inch, from 400 
feet at least, down to its present bed. 

The French Broad flows through a gorge for forty or fifty 
miles, or at least certain parts of its passage can be regarded in 
no other light than a gorge. The quartz rock which I have 
just described resembles a bed which crops out east of Lansing- 
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burgh, and which is known as the Diamond rock. Paint rock, 
six miles from the Warm springs, is a thin bedded gray sand- 
stone, which resembles the rock between Blooming Grove and 
West Sandlake. Here thin bedded sandstone and shale pass into 
thick bedded ones with pebbly beds, succeeded by green and 
red slates and shales, in which there are beds of limestone. At 
Porrettsville, Tenn., black slates, and limestones alternating 
with them, are frequently repeated on the road to the Nolich- 
ucky, where the series seem to terminate in shales, shaly lime-* 
stone, with intercalated silicious beds, similar to those in 
western Vermont. In the slates at Porrettsville, I found two or 
three species of graptolites. But I have been unsuccessful in 
finding organic bodies of any description in the rocks interven- 
ing between the Warm springs and Porrettsville. Black and 
green slates, sandstones and conglomerates and brecciated beds, 
roofing slates, etc., wall up both the Ocoee and Hiwassee, 
where they cut through the mountains between North Carolina 
and Tennessee. In all the southern exposures of the upper Ta- 
conic rocks, conglomerates are much more common than at the 
north. With this exceptian the strata are physically the same. 

In Virginia the rail road from Waynesboro to within two 
miles of Staunton, passes over a similar series of rocks, in which 
we find a perfect representation in the sandstones, slates and 
slaty beds representing those of the Hiwassee, Ocoee and 
French Broad and the Laurel, as well as those of New York in 
all of the foregoing routes which I have cited, succeeding the 
lower Taconic rocks, and consisting of the same rocks with the 
same sequence, from Canada to Tennessee. 

I have already stated that the Taconic system on the east side 
of the Blue ridge in North Carolina, Rhode Island and Maine, 
is represented only by the lower division. In North Carolina 
it spreads out widely, but is inore restricted in Virginia, while 
in Rhode Island it is very limited, though distinctly developed. 
In Maine the upper division extends seaward to an unknown 
distance, being easily recogni:^ed at the Fox Islands, twelve 
miles from Camden. 
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My object in the foregoing pages has been to describe in the 
briefest manner the rocks and their order of sequence, which 
belong to the system under consideration. The plan of the 
work will not admit of further details, excepting when it is 
necessary to compare a member of it with one which it is sup- 
posed it represents in the Silurian period. The end I have had 
in view, has been to show that as a series of sediments the Ta- 
conic system is unlike the Silurian; or when we compare the 
two physical groups with the lower Silurian, we shall not fail 
to perceive they have only a few characters in common, and 
those have little importance; hence they can not be brought 
into correlation without doing violence to geological principles. 



REVIBW OP THE OPINIONS W^HICH HAVE BEEN EXPRESSED RELA- 
TIVE TO THE TACONIC SYSTEM. 

§ 46. I have shown in the preceding pages that the Taconic 
system, considered as a physical group, can not be brought into 
correlation with any part of or with any group of the Silurian 
system; that no individual member of the former can be placed in 
coordination with an individual member of the latter; that the 
lower Taconic rocks, as a whole, differ from the lower Silurian 
as a whole, and that the quartz of the former is not the Pots- 
dam sandstone^ nor the slates the Utica slate, nor the limestone 
of that group the Trenton or blue limestones, as has been 
maintained by many geologists of this country. According to 
the views of several eminent geologists, the rocks of Saddle 
mountain, in Massachusetts, belong to the Hudson river 
group; the limestone below, in the position which I have given 
it, is the Trenton, and the quartz rocks the Potsdam sandstone. 
The whole group of the lower Silurian is developed in this 
mountain according to this view. If so, how does it happen 
that high up, towards Graylock, the summit, there are 
no fossiliferous bands. If these immense masses which are 
piled up 3600 feet are sediments, and of course this is admitted, 
how can it be explained on palaeontological principles, that 
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there are no organisms at all in the mass of the so called Hud- 
son river group. It is said of course, that they are met amor* 
phic. But then, what evidence have we that they are meta- 
morphic; of course it will be maintained, indeed it is affirmed 
that they are destitute of fossils, because they are metamorphic, 
and they are metamorphic because destitute of fossils.. For 
there is no trap, no porphyry and no granite in Saddle 
mountain. We must therefore assume that after thousands of 
feet of sediment had been deposited in the then existing seas, 
this portion of the earth's crust was again heated sufficiently 
to destroy all vestiges of organization which belonged to the 
upper part of the lower Silurian series. Which view is' the 
most probable, that which proposes to refer this formation to a 
period prior to the creation of animals, or to a period which 
abounded in life, of which the vestiges were destroyed by heat 
and which was communicated through an immense thickness 
of rock? Heat communicated to the degree required should 
leave its mark, but we find nothing in the whole range of the Sad- 
dle mountain which looks like an igneous product or an igneous 
change. In all other cases where it is probable that fossils 
have been obliterated by heat, some monument of its agency re- 
mains to attest the fact, but in the case under consideration it 
is all assumption without facts or phenomena to favor it. 

Now it is not necessary to tell American geologists, that the 
lower Silurian is eminently fossiliferous. Mr. Hall's work con- 
tains eighty-eight plates and 381 species. It is therefore 
quite strange that all vestiges of this large number should have 
been obliterated. But again, how does this doctrine of meta- 
morphism stand by the side of certain alleged discoveries. For 
example, we are informed in the beginning of the first volume 
on Palaeontology of New York, that fossils are found in the 
crystalline quartz rock of Adams, at the base of the Green 
mountains. It seems then, after all, that these eastern rocks 
are not so much altered, but that fossils are preserved at the 
very base of the system. Geologists should reconcile their dis- 
coveries with their assumptions. 
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But again, if Saddle mountain is lower Silurian, or Hudson 
river, how does it happen that as a physical group it is totally 
unlike the rocks of Granville, Salem, Pittstown and Greenbush, 
or the group which lies immediately on the slope of the 
valley of the Hudson and lake Champlain, both of which are 
also claimed as Hudson river. Where is the consistency in 
maintaining thai both divisions belong to the Hudson river 
group, since they are unlike each other in matter and arrange- 
ment; and at the same time, that both are unlike the Hudson 
river group in all the essential characteristics, considered as 
physical groups. To say that there are slates, limestones and 
sandstones, is futile, for if the mere presence of the lithological 
masses makes identity, then they may as well be called the 
upper Silurian or Devonian as the lower Silurian. But similar 
arrangements or sequence taken in conjunction with lithological 
characters is what makes similarity in physical groups, and if 
there is not even a similar sequence then it is unsafe to assume, 
that two such dissimilar groups belong to the same period. It 
is only the strongest palaeontological evidence, that such dis- 
similar groups can be ranked in the same period. But, I shall 
show that this kind of evidence is also against the assumption, 
so that viewed in the light of physical and palseontological evi- 
dence the assumptions respecting the Taconic system can have 
no support. 

Again; it has been asserted by my friend Mr. Hall that the so 
called Taconic system is situated in the midst of Silurian rocks. 
The inference to be drawn from this assertion is, that the exist- 
ence of the Taconic system under these circumstances is an 
incompatible association, which of itself overturns my position. 
But this association is the very fact which really establishes my 
doctrine, and puts the question forever at rest. I shall soon go 
on and show my mode of reasoning and my application of the 
foregoing assertion. It would be a waste of time for a geolo- 
gist to set himself about proving that the Devonian rocks 
belong to a later period than the Silurian. And why? Because 
we know that the Devonian rests upon the Silurian, it is the 
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sequence of one period to that of another. It is precisely this 
kind of evidence which the presence of the Silurian rocks in the 
midst of the Taconic rocks gives us, and if this kind of evidence 
had been represented fairly there probably would have been 
much less controversy upon the question. 

The first illustration of the use to which I shall put the Silu- 
rian rocks will be seen in figure 12. 
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It is a section in a part of the Hudson river group, at Green- 
bushy passing through Cantonement hill. Just above the river 
but below the old red mill, the slates c are crushed, but it is evi- 
dent they dip to the east. At the mill (2, the blackish sandstones 
of the Hudson river dip also east; half a mile further, sand- 
stone again crops out, dipping steeply to the west. Just beyond, 
the green Taconic slates dipping E. 10° S. support a heavy 
mass of calciferous sandstone a, and slaty Trenton limestone. 
Viewing the position of all the rocks, we find that there is an 
anticlinal axis running at the base of the ridge at/*, supporting 
the limestone. This anticlinal is on the line of the great Hud- 
son river fault. The limestone, which is the most important 
mass, rests unconformably upon the green Taconic slates b 6. 
The beds dip in part west as represented in the cut at a; but they 
are not uniform in this respect. But this diversity in dip is 
proof that it is not interlaminated with green slates below. 
One of my friend's opinions which he at one time expressed, was, 
that the mass was thrust up through what he regarded as the Hud- 
son river rocks. ♦ Since that opinion was expressed, he has con- 
structed a section of the hill, and has represented this limestone 
as the Trenton, interlaminated with the Hudson river slates, as 
he calls those at b b. 

Now some palaeontologists are willing to admit, that a few 
fossils may go up from the Trenton into the Hudson river 
series, but I believe that this is the first time that a palaeon- 
tologist is willing to transfer the whole of the Trenton lime- 
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stone with all its contents into a higher group. But it unfor- 
tunately happens that the calciferous has to go with the Trenton 
in this case. That there is an error in Mr. Hall's view is 
evident from the exposure of the slate on the north and south 
sides of the hill, which proves that this bed of limestone is not 
an interlaminated mass in the so called Hudson river group. 
Both palseontological evidence, and that of superposition, forbid 
such an interpretation of the phenomena. 

The true explanation is this, the limestone is an outlier of 
the Silurian system, deposited upon the slates which outcrop 
from beneath it. It was elevated subsequently, and undoubtedly 
was covered by the Hudson river rocks also, which have been 
carried away by diluvial currents leaving the present mass as 
it is now exposed. If this is the true explanation, and I see 
nothing to conflict with it, then as it regards these two systems 
the inference is too obvious to require to be stated. 

It is worthy of notice, that this instance of superposition of 
the group of lower Silurian rocks, is upon the upper members of 
the Taconic system'. It seems fitting in view of this fact, that 
I should now show that the rocks of the same period overlie and 
rest upon the lower division of this system. 

I shall therefore select from the extreme eastern part of the 
county of Rensselaer an instance of an overlying mass of calcif- 
erous sandstone upon the Hoosick roofing slate. It has been 
Tery confidently set forth that the occurrence of Silurian rocks 
in this region proved the error of many of my views respecting 
the age of the rocks under consideration, while on my part I 
maintained that these rocks in consequence of the relation they 
sustain to the Taconic system, proved the soundness of my po- 
sition. Before I refer to the figure which illustrates the true and 
real relations which subsist between the two systems, I shall give, 
in a few words, an explanation of the structure of the narrow belt 
•of country of which Hoosick falls may be regarded as the centre. 
On the west, about threes-fourths of a mile distant, there is a 
fidge some 400 or 500 feet high which stretches along the 
Hoosick river about four miles. The eastern face of this ridge 

10 
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19 pattlj covered with a Iroken mass of calciferous sandstone, 
carrying a» eridence of its age the Maclurea and several other 
fanniln. It extends about four miles also, but its beds are broken 
and dip in a disorderly manner sometimes east, sometimes west, 
deeply sometimes, and only slightly in otheis. Its continuity is 
broken, yet it continues the distance I have stated. Its irregu- 
larity in dip and its fractured condition prove, that it rests on 
an uneven bottom, and that it has been unequally moved; and, 
furthermore, can not form a part of the Taconic rocks exposed 
below, upon the hills and in the valleys. 

The limestone is discontinued before it reaches the river; on 
the east side of Iloosick falls is a ridge of about the same height 
running parallel with that on the west side. It is the ridge 
which furnishes the Hoosick roofing slates, quarries of which 
were opened forty years ago, and in which the graptolites occur. 
On the eastern slope of this ridge of roofing slate limestone oc- 
curs of the same period as that upon the west side. The lime- 
stone of this valley contains the fossils of the lower Silurian 
period, and hence we are not left in doubt respecting the most 
important pala^ontological facts. It remains now to determine 
how this well known limestone is situated ; whether it does or does 
not form a part of the slaty group, or whether it is a part or parcel 
of \U in w*hich case it would undoubtedly follow that the slates 
themselves are Silurian also, inasmuch as the limestone is Si- 
Uiriaiu carrying the proof of its period in its fossils. 

Now, it might well happen, that its true relations oould not be 
iMrrminrtl bv actual in$pection; and in consequence of a nearly 
w^ntxMiuable dip with the slates;^ it might appear to form a part 
«vf the grx>up vrith thcnu But at the outs^et, an honest and well 
mtHnnin);: )Vll)A^^nu^i^>c:ist mi^ht inquire what right has the cal- 
citrrsHis ^iHislKMK^ tx> K^rxir its^elf into the coaqMny of the Hod- 
^N«i nxrr twb^ — what riirht has i: tv> K^ inierlawnated bodily 
W^>^«^ ;Wir lH\)$t Bui }<Nivin$ s»oh ix&peitineMi qncBtioos to 
W «n$>t(t'T<\i H n^y iriorid :hc ^^u* ][va^/«vtttolccist» who Maintains 
t)^t a4; tW$>r wvio^ ^.iwiccs^XDcs ana SiJaTe^ ai^ Hnfam nra- rodcs, 
>t(t^WM^ J«^v>^^ll)^'^Jr^rn(lli9le h friimnmiTrty hmpr nylhat 
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this limestoae lies upon the eastern face of the riilge upon which 
the state quarries are opened. Fig, 12 represents the situations 
of the limestone to the slate beneath. 
Fig. 12. 



(1, limcdlonc b, sUte, 
This mass of limestone lies upon the east slope of a steep n'llge, 
and the first impression which would be received by any geolo- 
gist would be, that it belongs to the group of slates. The d ip 
to the eye is so nearly conformable to the slate that it would 
probably be regarded as an interlaminated mass. When, how 
ever, its position is ascertained partly by a natural and partly by 
an artificial exposure, by the removal of earth to obtain the 
slate for a firestone, its superposition is proved beyond a doubt,< 
and the idea of an interlaminated mass at onCe disposed of. The' 
rock had been quarried for lime many years ago, and the exca- 
vation for slate led me to esainine it in this place, when it was 
not only found to be above the slate, but reveals other important 
facts along the junction of the rocks. The slate, for example, 
ehowa that it had been tilted up before the limestone was de- 
posited upon it. The out cropping edges still preserve the stair- 
like arrangement, which we often see in slate beds which are 
inclined at an angle of from 5-7°. It was upon this unequal 
step-like surface, that the slate was deposited, and the conse- 
quence is, that the bottom beds of limestone are roughly crushed 
and partly perhaps concretionary. The junction of the rocks is 
so well exposed from top to bottom, that only one opinion can 
be adopted respecting the position of the limestone, of which the 
annexed cut shows most perfectly the relation of the two rocks. 
Now, in the absence of direct proof to the contrary, this limestone 
would have continued to be cited as a part of Ibe group of the 
graptolite slate, notwithstanding the calciferous has no right 
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geologically to occupy a position, or position above the tJtica 
slate, for all the ranges of limestone west of Hoosick falls, as well 
as west of this place, belong to the calciferous sandstone; and it 
is quite fortunate that these beds are fossiliferous, containing 
stems of Encrinites, a small Maclurea, in great abundance, one 
which is found also at Bald mountain.* 

If the Hoosick and associated slates and shales and thin bedded 
sandstones were what my friend Mr. Hall and certain other geolo- 
gists say they are, then, to be consistent geologists, they should 
not group together rocks belonging to distant periods. It is true 
the limestone is the base of the lower Silurian, and the Utica slate 
near the top, but so orderly have the lower rocks been laid down 
that no instance occurs in this country or Europe where the two 
extremes are placed in contact. In these statements I am con- 
tending for a principle, and not to sustain the Taconic system. 
I have stated that the position of the limestone is fortunate, 
inasmuch as we can begin at the base of the ridge near Hoosick 
falls, and trace the slate step by step to a quarry containing 
graptolites, and then from the quarry we may trace the slate to 
the place on the eastern slope of the ridge, where the calcifer- 
ous limestone rests upon this slate. It follows, then, that the 
slate is not the slate of Baker's falls, or the Hudson river series, 
which <;ontains such an abundance of Graptolithus pristis as 
Mr. Ha'U is inclined to assert; but I shall show in its proper 
place, that the graptolite of the Hoosick slates is not the 
Graptolithus pristis. The extreme looseness and carelessness in 
observation is shown by the affirmation that the Hoosick roof- 
ing slate rests on Trenton limestonef In the first place, 
there is no Trenton limestone in the neighborhood for it 
to rest upgn, and, in the second place, the beds of calciferous 



♦The fossil alluded to is the Maclurea sorditda of Hallos PalsBontology, the 
Straparollut tordidus, of D'Orbiny. Mr. Wilder, of Hoosick faUs, who has 
accumulated a large store of information in his favorite branches of science, 
geology and mineralogy, has large slabs of limestone covered with this fossiL 
He accompanied me to the locality, and I am permitted to say that his views 
correspond with my own. 

t PikliBontology of New York, vol. I, p. 267 ; idem, p. 268. 
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saniljtone west of Hoosick falls, which must, if any, be the un- 
tlertj'ing beds, actually reii upon this same group of slates 
-which coiijpBse llie slale quarries. The presence of the Trenton 
liineslone, however, would not change or alter the conclusion 
-which I have stated. 

But ihe occurrence of ihe limestone, fjeographicaily and geo- 
logically, is important, as showing how observers may err by 
mistaking.one llmeslone for another. In this neighborhood the 
marbles of the lower Taconic rocks occur not in immediate 
proximity, bnt sufficiently near to lead to error in their 
determination. These marbles and limestones it has been shown 
belong to the group of slates in which they are found, and it 
would not be strange if a bed of calclferous limestone with 
its fossils was found superimposed upon a bed of marble — 
not more strange than that the lower Silurian is actually 
superimposed upon an overlying slate of the same group. 
Hence we see ihat the doctrine of metamorphisnj would aid 
materially in confirming an error, if the position of the lower 
Silurian limestone was not determinable by actual inspection. 
. But having determined it not only for once, but also in many 
instances, and shown that the limestone rests upon the group 
unconformably and therefore can not be a member of il, we 
are authorized to carry our generalizations farther, and say, 
that in all cases the lower Silurian holds the same relation to 
the Taconic groups {even in Canada) which I have shown they 
hold at Greenbush and Hoosick, That there maybe no obscu- 
rity in these relations left to he cleared up hereafter, I have 
prepared several other sections which show how geologists have 
been deceived in respect to the superposition of these outliers of 
the lower Silurian system. 

The section to which I shall now direct the attention of the 
reader is that of the MeLtowee river, at North Granville. I 
select this, because 1 perceive that Dr. Filch* was led into an 
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error respecting the true relations of the Chazy limestonef 
lying in a gorge of this river about one mile from the village 
of North Granville, and that I may not misrepresent Dr. Fitch's 
views, I shall first introduce his section, figure 13, with his ex- 
planation of the phenOQiena. 

Fig. U. 
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There is no disagreement between us respecting the name of 

the limestone represented in the cut. Dr. Fitch infers from the 
folded condition of the Chazy limestone that it has involved in 
it the slates which are in proximity, and hence, that all the 
cases of superposition I had relied upon, for proof that the Si- 
lurian belongs to a later period than the Taconic, was left 
unsupported. Now the fold in the limestone is correctly repre- 
sented; there is a plication as the Doctor has shown. On the 
left, to use the Doctor's language, we have the black shale, or 
slate outcropping in the same situation, and in essentially the 
same manner that it does at Galesville. To this succeeds a 
thick molten masti of limestone, in which no distinct lamination 
can be traced. The synclinal, as the Doctor calls it, is finally 
reached, and the beds on the left side of the axis are less than 
half the thickness of those of the corresponding bed on the right 
side. The distance from the axis to the slate is forty feet; 
whilst to the right, thrice that thickness of the bed is passed 
over, without reaching the slate on the east, and the Doctor 
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might have added more than ten times that thickness. The 
Doctor goes on to generalize, and remarks, that the Bald moun- 
tain range of hills is a fold, and not a fracture or uplift. 

Without dwelling farther upon the illustration 
of Dr. Fitch, it appears from the fact exnibited 
on the south side of the stream, that the fold is 
confined to the Chazy limestone, and that it does 
not affect the underlying slates at all, and hence 
the fact of the plication of the limestone does 
not bear unfavorably upon the Taconic system, 
but as the phenomena really are, sustain the 
views I have adopted. To show how the lime- 
stone is placed with respect to the slates, I 
have introduced figure 14, which was constructed 
from the relations of the rocks as they are exposed 
on the south side of the stream, and a little below 
the great fold of Dr. Fitch's section. Thus 1, 1, 
Taconic slates; 2, Chazy limestone; the slate in 
this part of the section being concealed, but on the 
left three smaller folds of Chazy limestone are left 
standing obliquely upon their ends, and between 
which the slate is exposed. All of the standing 
parts of the folds, it is plain from inspection, may 
be removed from the slate, and besides the larger 
masses are seen also to rest upon them, though 
they incline downwards out of sight, but for forty 
or fifty feet it is evident the fold or plicated mass 
rests on the slate and can not form a part of the 
group to which the slates belong, but are simply 
crumpled up, or folded upon it. This view is 
sustained by the position of another insulated 
mass of Chazy limestone upon the hill north of this place, 

Pig. 15. 
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figure l.'^, b. My views are sustained also by other facts. 
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The rocks, on leaving Comstock's landing, fig. 15, are gneiss; 
2, Potsdam; 3, calciferous sandstone; 4, Chazy limestone resting 
upon No. 3, but these rocks dip only at an angle of 5^ until the 
Chazy, which extends east beyond the calciferous sandstone, 
dips so as to conform nearly with the Taconic rocks, on which 
it rests; the fold then only concerns the Chazy limestone, which 
is proof in itself that there is no general fold involving the plica- 
tion of the slates, as has been maintained by distinguished geolo- 
gists. Then again further down the stream, we find the calciferous 
sandstone abutting against the slates, figure 15, a, on a line of 
fracture; but this does not prove that the slates overlie the 
calciferous, for only a small part of the series of limestone appears 
at this place,* and besides, too, the highest member here, the 
Chazy limestone, b, is on the adjacent hill resting on the slates 
unconformably. 

If for the sake of argument it should be admitted, or even it 
was proved, that the Chazy limestone is inclosed in a fold of 
the slates, which we know are beneath, what does it prove? 
Merely this, that it is an accidental occurrence, for the Chazy is 
only the subordinate part of the lower Silurian; it can not 
become, therefore, an associate of the slate group by itself. On 
the Mettowee it is separated from the calciferous by at least 
half a mile of outcrop of slates; and there is no calciferous 
below it at the fold. In conclusion, Isay that the phenomena 
in the aggregate disprove the doctrine of such a plication as to 
aflFect the validity of my position respecting the Taconic system, 
and moreover the facts disclosed on the south side of the Met- 
towee prove that the folded Chazy limestone rests upon the 
^dges of the slate, and therefore does not form a part of the 

* This is an anticlinal perhaps which has passed into a fault ; for on the 
one side is an older rock, Taconic, forced above a Silurian, the calciferous 
sandstone, the west side of the fracture being the most depressed, while on the 
east side the Taconic slates are the most elevated. We can not maintain con- 
fiistently that the Taconic slates over-ride the calciferous; it would be physi- 
cally impossible, seeing that the Chazy must at one time have been an 
overlying mass at this place. 
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slate group, and is in no way connected with the slate except 
by its superposition. 

§ 46 The gorge of the Mettowee discloses also the manner in 
which rocks thin out. We began this section with gneiss. The 
Potsdam sandstone is the next older rock. It appears that this 
rock speedily thins out, but whether it laps on to. the Taconic 
system I am unable yet to prove, but the next oldest, the calci- 
ferous sandstone laps upon this system and extends east farther 
than the Potsdam sandstone. The Chazy limestone succeeds, 
and this extends still farther east than the calciferous and rests en 
the Taconic slates in its most eastward prolongation, where it 
dips almost as steeply as the inferior slates upon which it rests. 
But at the west, these rocks had a dip of only 5**. When, 
however, these rocks lie near the great north and south disloca- 
tion or fault their dips become steep. 

§ 47. Before I proceed farther in answer to objections which 
have been made to the Taconic system^ I propose to explain an 
obscurity which I have often met with, which, unless it is cleared 
up, is calculated to mislead or to raise doubts respecting the rela- 
tions which really exist between the Silurian and Taconic systems. 

At Highgate, in Vermont, the Missisquoi passes through a 
gorge just below the bridge. The Calciferous sandstone lines 
its banks on both sides, but some distance below, the junction of 
the calciferous sandstone is entirely concealed, even at rather 
low stages of water, and from the inequalities of the slate which 
jut up, it appears that the limestone might form a part of the 
group, by plunging down between the beds of slate. Thus in fig. 

Pig. 17. 
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17 the dotted line represents the line of high water, where it 
would appear that the outcropping mass of calciferous sandstone, 
a, plunged between the beds of slate, 6, c, which come up on the 
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right and ]eft. On visiting this locality at a very low stage c^ 
water, T found that the calciferons rested in an irregular trough in 
the slate, and also upon its upturned edges. This fact explained 
all the obscurities which had formerly raised doubts in my mind 
respecting the relations of this rock to the slate; and, besides, 
th'> folia of slate are bent at the junction of the two rocks, fig. 18, 
which in this case I attribute to the force which has been commu- 
nicated to the rocks, although it oAen occurs that folia of slate 
are puckered at the junction of a seam of calc spar with the 
slat^. The phenomena at Highgate throw light on many other 
localities, where the lower Silurian rocks are in contact with the 
slates. Thus, one mile east of Troy, the junction of the calci- 
ferous resembles that at Highgate, but it is evident that the 
whole of the calciferous may be removed from the depressions, 
and from the unequal surfaces upon which it was deposited. 

Another fact, however, at Highgate is worthy of attention, 
inasmuch as it proves the correctness of my view already ex- 
pressed respecting the position of the calciferous sandstone. 
Thus, fig. 18, the spot selected for illustration is just below the 

Fig. 18. 




bridge. At very low water the slates appear in the bed of the 
river, and form an anticlinal at a; upon the upturned edges of 
this anticlinal 'the junction of the calciferous sandstone may be 
traced, with great distinctness, on both sides of it; on the right, 
the calciferous extends to and forms a mural cliff, on which a 
mill is erected. The possibility of the calciferous forming a 
part of the slate group is set at rest by this exposure. 

1 am now prepared to show how another error may be com- 
ttM respecting the period to which a limestone belongs; an 
tir which I suppo3e has been already committed by several 
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geologists. At Orwell, Vt., see fig. 19, the calciferous sandstone, c, 

Pig. 19. a 




occupies the plain upon which the village is built Eastward 
t few rods, a limestone, a, crops out in proximity with the 
former, but how many yards apart they may be 1 can not now state. 
With only a superficial examination, they would be regarded 
as one rock, belonging to the same period. On a careful 
examination, however, it is clear that the eastern mass rests on a 
greenish slate, and by going east a short distance the evidence 
is plain enough that a slate, e, also overlies it, so that it is in- 
closed between beds of slate, and in this respect it is similar to 
the limestone which lies in the tunnel of the Western rail road near 
the state line, and which belongs to the slate group, as is clearly 
proved by observation. Having determined that the eastern lime- 
stone at Orwell lies between beds of slate, our convictions it seems 
should be, that it is not lower Silurian, nor Trenton, Bor either 
of the masses into which the lower Silurian limestones have been 
divided. But what is the limestone on which the village is 
built? To determine this question, I traced it northward, 
keeping it in view for a few miles, and then turned directly 
west towards the lake. On passing over two or three rocky 
terraces composed of this rock, I came directly upon tht 
Potsdam sandstone which cropped out from beneath this silicious 
limestone, and over which I had passed, and which I had traced 
from Orwell. The result of this examination proved that the 
rock at Orwell, which seemed almost to join on to the sparry lime- 
stone between the slates, is the calciferous sandstone. The two 
limestones therefore might be confounded, but without the aid of 
a fossil, the geological formation to which the calciferous sand- 
stone belongs, is proved by simply determining its relations, and at 
the same time it is also proved that another limestone of a different 
period cropped out very near it, and might have been confounded 
with it. It proves, too, the fallacy of the doctrine, that the 
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lower Taconic rocks, or the lower limestones, are but altered 
Silurian; we have two limestones of different ages together — 
one rests on the Potsdam sandstone, and is of the Silurian age, 
the other on slate, and belongs to the Taconic system. The 
theory of plications and folds it will be seen, will not explain 
the phenomena or the facts. It is not even a plausible hypothesis, 
when offered in explanation of the phenomena I have related. 
I have been unable yet to detect fossils in the sparry limestone 
of Orwell) but its condition is as favorable for their existence 
as in the calciferous sandstone. This locality proving the ex- 
istence of a limestone which can not be placed in coordi- 
nation with any of the limestones of the lower Silurian, throws 
the burden of proving the period to which it belongs on other 
shoulders, provided it does not belong to the Taconic system. 

The sparry limestone at Orwell, when its relations are inves- 
tigated, shows that what my friend Prof. Rogers claims as having 
proved is not yet established, viz: that the limestones of Berk- 
shire are only the altered blue limestones of the lower Silurian, 
for this exhibits the same relations as the Berkshire limestones; 
and I go farther and remark, that the section of rocks from Orwell 
to the lake exhibit a series of dislocations and faults only; and 
though my section was not designed for this purpose, yet it shows 
the relations of the rocks as they succeed each other, beginning at 
Orwell and going west to the lake, in which distance there are 
no less than four dislocations; and. the order of arrangement, 
beginning with the limestones is such, that we pass, by suc- 
cessive steps, from the oldest to the newest, terminating with 
those on the lake, the Utica slate and Trenton limestone, which 
we reach by a series of descending steps, though, geologically, 
we are ascending. Thus, figure 19, a, sparry limestone; 6, 6, 
slates; c, calciferous sandstone; d, Potsdam sandstone; c, Utica 
slate and Trenton limestone. 

Bald mountain and the neighboring hills and ridges in Wash- 
ington county, N. Y., furnish also many important facts bearing 
directly upon the relations the Taconic system sustains to the 
lower Silurian. This mountain is capped with the lower Silu- 
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rian rocks; their position and situa- 
tion are exhibited in figure 20; c, d> 
calciferous sandstone; the mass, c, is 
a compact black limestone, and ap- 
pears unlike and distinct from the rock. 
Silicious and black masses perfectly 
well defined occur frequently in this 
neighborhood in the calciferous sand- 
stone, but they are varieties of that rock 
notwithstanding their color. The Ta« 
conic slate crops out from beneath the 
calciferous at 6, 6, on the west or left 
hand side is slate rock; b appears on the 
east or right with a steep dip; at c, c, 
on the left, are fractures. The dark co- 
lored limestone, c,has been quarried for 
more than forty years, and the front 
has been worked back thirty or forty 
feet, down to the slate, b The ques- 
tion to be solved at this place is, whe- 
ther the slate, b, on the left, is the 
Utica slate, or any other slate of the 
Silurian system; there is no difference 
of opinion respecting the mass, c, d, 
all agree that it is the calciferous sand- 
stone. If the slate, 6, is Silurian, it 
follows that at this place there is a 
plication, and the slate is folded under 
the limestone. The fact which mili* 
tates against this view is, that on the 
south side, and at a point nearly under 
d, near the summit, an excavation 
was made in search of coal; the shaft 
was begun in a lateral shelf of the limestone, near the base of 
the mountain. This shaft was carried through the limestone 
into the slate, 6, beneath it. Now, this fact taken in connection 
with another, viz: that the limestone does not penetrate the slate 
on its southern flank any where between b, b, on the right, proves 
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incontestibly that the limestone merely caps the hill. If it was 
a part of the slate group, we ^ould find it in the direction of 
strike in the slate. 

Agfain, if a plication exists and the slate, 6, is the Utica 
slate, then there are facts brought together which involve a 
physical impossibility, inasmuch as the limestone upon the slate 
should in that case be the Trenton limestone, which always un- 
derlies the Utica slate; the calciferous 
sandstone could not, therefore, in the case 
of an inversion be brought into immediate 
contact as it is with the slate, but it should 
be the Trenton limestone. The fossils of 
the rock resting on the slate, however, are 
those of the calciferous sandstone, viz: the 
Maclurea sordida. Hall's Palaeontology, 
pi. 3, fig. 21. They occur upon the 
thin bedded limestone towards the top 
of the hill, as well as in the more compact 
beds just above the slate. If, on the con- 
trary, there is no inversion and the phe- 
nomena do not indicate it, then here is a 
slate which is not Silurian; it crops out 
from beneath rocks which are known in 
this country as the lowest beds of the lower 
Silurian and besides may be traced beneath 
the mountain and beyond it eastward, 
forming a part and parcel of the series, 6, 
cropping out in the figure on the right. 

Now, all the knobs resemble each in 
this neighborhood in being capped in this 
way. Mount Tobey, fig. 2 1, not far distant, 
is an example of the same as figure 20, 
being capped with sandstone The lower 
part of the limestone dips at an angle of 
about 10*> to the east; on the contrary, on the 
top, at a, it dips steeply to the west. The 
slate beneath may be traced around the 
mountain, without exhibiting the lime- 
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stone upon its beds. It is, therefore, a mass resting on the top of 
tbe mountain unconformably to c, c, the slate on both sides of the 
mountain. The slate at b dips steeply east. The dips, werelhere 
no other facts, decide the question of superposition. 

It has been stated in Silliman's 
Journal,* (hat Dr. Fitch found the 
TrinucleuB concentricus in this region, 
adducing it in proof that the rocks be- 
long to the Silurian Gystem. This 
statement vill not probably deceive 
any one. The fact, however, is im- 
portant, as by it we prove the greater 
antiquity of the Taconic rocks than 
the rocks id which it was found. 

^ 48. On the structure of Snake 
mountain and the evidence its structure 
i^ furnishes in tupporl of the Taconic 
system. — This little mountain in Ad> 
dison county, Vt., is seven miles east 
of Lake Cbamplain. Tbe rocks be- 
tween the lake and base of the moun- 
tain are lower Silurian, The Trenton 
limestone with slaty beds lie upon the 
western flank of the mountain, fig. 



In the ascending order, 2, 3, 4 and 
5, tbe rouics are catciferous sandstone, 
Cha^ and Trenton limestones. And 
that I might exhibit the relations of 
the calciferous sandstmie, 2, at tbe lop 
of the mountain, it is made across its 
northwest angle, where in a few hun- 
dred yards we pass over to the slate 
S, S, which crops out both on tbe west 
and north sides beneath No. 2, and on 
the north side extends from the top to 
the bottom 6f the mountain. The 
Silurian rocks 3, 3,4,5, rest against the 
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mountain At S and F there is a fracture and dislocation ^hich 
may be traced in the direction of the mountain axis, four or 
five miles. The dip of the Silurian rocks is from ten to fifteen 
degrees; of the Taconic slates, S, S, twenty-five to thirty 
degrees. At the northeast base of the mountain, perhaps three- 
fourths of a mile from its summit, the slates crop out again 
below 2, on the left, beneath the calciferous sandstone. 

The summit of the mountain is calciferous sandstone and is 
exposed in a perpendicular mural precipice for four or five 
miles. The debris and fallen masses from this bold front gene- 
rally conceals the underlying slate, but it crops out beneath it 
at one or two places, while on the north side, 2, S, the whole 
slope is exposed and consists of one mass of slate from the cal- 
ciferous sandstone to the bottom of the mountain. 

The calciferous sandstone in this region is often red or choco- 
late color, especially the inferior part of it. The gray variety 
at Burlington graduates into the red, and the Potsdam which is 
used as a flagging stone, at Burlington and other places, 
is usually brown or chocolate colored also. But the blue and 
gray with a sparkling lustre are found in the masses composing 
the mural wall at Snake mountain. The junction between the 
Taconic slate and Trenton limestone and its upper slates, or the 
Chazy limestone on the west flank of the mountain, has not been 
observed. 

The foregoing statement respecting the relative position of 
the rocks of this mountain seems to be all that is required to 
establish the inference I have drawn from them. I need not 
dwell on the error which has been committed by regarding the 
chocolate colored rock the Medina sandstone, or attempt to show 
that the plication theory will not adjust the rocks so as to make 
the black and greenish slates, S, the Utica slate or Hudson river 
group. It is one of simple dislocation, where the older rock on 
the east side is elevated vertically higher and above a newer 
series on the west. The rocks, in this case, are not engulphed 
upon the west side; all the phenomena seem to prove that the 
whole miass composing the mountain was raised vertically, but 
the east side was separated from the west by fracture, and ele- 
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vated above it The series between the mountain and the lake 
occupy a much lower position than those upon the flank of the 
mountain, proving that the latter have been broken from the 
former and elevated above them. We find in Snake mountain 
a fact of common occurrence, a fracture at the base of the 
ridge or mountain, and another running through it. Bald moun- 
tain, which has been described, is another instance of this kind. 
In fine, with respect to Snake mountain, the position of the mass 
2, on the top of the mountain, and which covers the eastern 
slope, proves that it is an overlying mass and an inspection of 
the junction of the inferior beds which often jut over and beyond 
the slate immediately below, proves that it was deposited upon 
the slate, and as the two are unconformable both in the amount 
of dip and direction it is also evident, that they do not belong 
to one group or series. At this place the former is the base of 
the Silurian system. It is very silicious generally, and might 
be called a sandstone, yet it is rather a mass intermediate 
between the calciferous sandstone and the Potsdam sandstone. 
It is the same rock as that at Burlington, and at Sharp Shins, 
two miles northwest of Burlington, where the same black slate 
crops out as at Snake mountain. Those who wish to satisfy 
themselves of difference between the Hudson river group and 
the slate beneath the calciferous of this mountain, should 
explore the north end of it, where they will find a mass of 
slate from top to bottom laid bare by a small stream which 
takes its origin immediately beneath the jutting calciferous 
sandstone, and which by this little stream has been undermined 
for centuries, and from which huge blocks have been, and are 
still broken and carried down the mountain's side, and are 
found distributed far and wide upon its northern and western 
sides. This slate is uncovered in a continuous mass between 
700 or'800 feet thick. I was unsuccessful in a search of a few 
hours for fossils, and yet it is similar to other exposures where 
I have found graptolites. 

12 
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§ 49. Position of the calciferous sandstone at Hoosick and 
elsewhere compared tcifh Prof, Sedguick^s ideal sections of the 
Skiddaw Forest^ and the calcareous hills of Westmordand* — 
The sections of the older slates, which have been given by 
Prof. Sedgwick, of the Cambrian rocks, contain important facts 
which have a bearing upon ihe question respecting the exist- 
ence of a sedimentary series or system below the Silurian. 
The section through the Skiddaw forest is in point as it enables 
me to contrast it with sections through the strata belonging to 
the Taconic system. For example, the relations of the Conis- 
ton limestone, 4 a, and the calcareous flagstones, 4 ft, to lower 
Silurian of this country. It appears to have been determined 
as long ago as 1847-8, that the Coniston limestone, which is a 
part of the series in the section of the Skiddaw forest, con- 
tains lower Silurian fossils, but still lower a vast series of 
slates marked No. 3 in the section are found to be fossil iferous, 
and Prof Sedgwick regards these lower series of slates (Skiddaw 
slates) in England, as the oldest fossil group of the British isles. 
This group, however, is conformable to the Coniston limestone 
which contains lower Silurian fossils. It is the position of the 
Coniston limestone compared with the position of the calcife- 
rous sandstone to which I wish to direct the attention of the 
reader; the former is a part of a physical group conformable 
with the lowest fossiliferous beds; while the latter is not a part 
of the group of slates, etc., of the series at all, being neither 
in coordination with a member or conformable to any part 
of the Taconic system But as. American geologists have 
watched the discussions going on in England respecting the 
claims of the Cambrian system, and as all the representations 
of its strata carry the idea of conformability, not only among 
themselves but also with the Silurian system and as Silurian 
fossils characterize these lower beds, the opinion has gained 
ground that the Cambrian is only a modified condition of the 
lower Silurian, and hence the same view has also been taken 
respecting the Taconic system. The representations which 
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have been made have conveyed precisely the Cambrian type. 
W hereas the facts proving the relative age of the Taconic sys- 
tem contain another order of proof entirely. The Silurian 
limestones in the Taconic districts do not form> asl have shown, 
a subordinate part of the Taconic series, but they are always 
overh ing unconformable strata, as represented in all my sec- 
tions, the most instructive of which is the Hoosick section, tig. 
11. It is in consequence of that misrepresentation of facts 
which has prevented the adoption of the Taconic system here 
and abroad. 

Before I close my remarks on the objections which have 
been brought forward in opposition to my former views of the 
Taconic system, I feel bound to notice those which have been 
urged by Prof. Rodgers on several occasions when the question 
came up for discussion in the meetings of the American Associ- 
ation. 

I have anticipated in the main Prof. Rodger's objections. 
But by stating the points at issue in a formal manner, I shall 
be able to clear up the objections to his and my own satisfac- 
tion. The principal fact is admitted, viz: that there are rocks 
cropping out from beneath the lower members of the Silurian 
system. If these rocks which crop out from beneath the Silu- 
rian beds, are not in their original relation or position, then 
the question of age is debatable. If these inferior rocks are 
in their original relation and position, then it follows that in 
this country there are fossiliferous rocks older than the Silurian 
system, for it is settled beypnd a doubt that the Potsdam sand- 
stone is the base of the system in this country. Prof. Rodgers 
maintains that the inferior slates, those at Bald mountain and 
upon that range, those at Snake mountain and at Burlington, 
Vt, Greenbush, Troy,* and many other places, are not in their 



* I should state that Prof. Rodgers, in his remarks, has never given loctji- 
ties upon which he has based his opinions. He has referred to Snake moun- 
tain, but it was in terms which satisfied me that he had seen but a smaU part 
of the series, and hence was unprepared to express an opinion. 
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original position It is sufFxieDt 1o fay that at all the places I 
have named, this slate crojps out from beneath rocks of the 
lower Silurian age. This is admitted by all geologists. 

Now the explanation which Prof. Rodgers gives is this, viz: 
that wherever these relations exist which I have stated, they are 
due to an inversion of the lower Silurian rocks; and the superior 
masses are folded beneath the older; and as the strata are plicated 
in mass, and as the Hudson river group succeeds the limestones, 
the former consisting of black slates and sandstones in the pli- 
cation, the latter are folded beneath the former; and hence this 
black slate which 1 have had occasion to speak of, is no more 
than the Utica slate, or a slate near its horizon. 

Of this opinion, I do not propose to express doubts as to its 
being theoretically possible, neither to deny that it may exist 
as a fact. But I do say that from Georgia to Maine, there are 
no plications which create the least intricacy^ I speak of phe- 
nomena and the interpretations which they themselves suggest, 
as rational interpretations which we should put upon them. 

We have only to examine the localities in detail where the 
supposed plications exist, to be satisfied that the plication or 
fold has not reached the slate, and if the slate beneath has suf- 
fered a movement, it has extended its influence to the mass as 
an overlying one, prior to that movement; it h^s crumpled up 
the limestone between two ridges, as at the Mettowee, where the 
fold is still visible in the limestone, but not in the slate, or it is 
not such a fold as to place one rock beneath the other. 

The objection to Prof. Rodgers^ explanation must be consi- 
dered also in a mechanical light, and attended with eflTects power- 
ful in proportion to the masses displaced and laid in an 
inverted position. I maintain that the fitting mechanical 
efft'Cts of an inversion should be among the most prominent 
phenomena; whereas none exist. In the next place, admitting 
an inversion of all the Silurian rocks in a fold, so as to place 
the slates at the bottom, then upon the slate in the ascending 
order, we shall find the Trenton limestone, the next the birdseye 
and Black river, and lastly the calciferous and Potsdam sand- 
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stone, if the latter is preseht. We shall look then, if the theory 
is true, for the Trenton limestone, as the rock which rests im- 
mediately upon the slate; but what do we invariably find? It 
is calciferous sandstone, there is no exception, or Potsdam 
sandstone when it is present. This fact can not be reconciled 
with the theory of an inversion, inasmuch as it is a physical 
impossibility to arrange the rocks in the order we find them 
Admitting again the theory of plication, I say it can not deceive 
us, or lead us into error. The theory supposes a succession of 
close plications or folds. In this case, every alternation in the 
fold corrects the error of the inversion. If the true order is de- 
termined, then, the series is a check upon its own errors. Be- 
sides, on the southeastern slope, before the inversion takes 
place, if there is one, the rocks must occur in their true order of 
superposition, and by the exposures on these slopes will prove 
a check upon their inverted position on the northwestern side. 
In proof that plications can not involve us in the error which 
has been supposed, and mislead as to order of superposition, I 
have found the Taconic slates on both sides of a ridge, and the 
lower Silurian, confined to the crest of the lidge, showing that 
the mass of the ridge is slate, with only a crest or capping of 
lower Silurian, which it seems to me proves there never was a 
fold or inversion, but a simple dislocation. 

Facts are always useful aids when debating important ques- 
tions. In the midst of the most disturbed districts of Virginia, 
at the head waters of the Clinch and Holstein, the lower Silu- 
rian never furnishes an instance of an inversion or plication by 
which the Lorraine sandstones and shales, &c., are folded 
beneath the Potsdam sandstone or calciferous sandstone. See 
fig. 8, where their order is represented. The insuperable diflS- 
culties, then, which attend this theory require its dismissal; 
besides the slate beneath the calciferous can not be regarded as 
the Utica slate, or any of the beds next above it, in the Silurian 
series. If it is carefully examined across the line of strike or 
dip*, we find it in conformity with beds whose fossils are 
unknown in the Silurian system. 
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A theory which may be true in the abstract, and perhaps 
may be sustained by facts disclosed at certain localities, still 
when it fails to explain the phenomena at other places and is 
even entirely at variance with the principal facts, should be 
abandoned Its conditions require that the rocks when plicated 
should lie in a certain order, they must lie in a certain relation 
which the theory supposes, but it is almost needless to say, 
that the order in which they actually lie upon the lines of fault 
in Vermont, New York and Virginia, is entirely at variance 
with the position thetheor}' requires. Indeetl,when the theory 
is applied to the rocks under consideration, as explanatory of 
their present position it involves a physical impossibility^ 



SUMMARY OP PROOF CONTAINED IN THE FOREGOING REVIEW OF 

OPINIONS. 

§ 60. 1 The proofs are found in the constant relation which 
the lower Silurian rocks hold to both divisions of the Taconic 
system, the relations being those of an older and newer system, 
inasmuch as the evidence of superposition in consequence of 
succession is an incontrovertible fact. 

2. It has been shown that where the Silurian rocks were 
folded or plicated, the fold itself did not extend to the slate 
upon which the Silurian rocks repose. The fold is confined to 
the overlying and unconformable rock, so that in the cases of 
plication the evidence of different periods to which the rocks 
belong is strengthened. 

3. Again, I have proved that when a member of the lower 
Silurian seems to occupy a conformable position to the slate 
beneath, and hence might belong to it as a member of a group, 
yet it is still proved that the mass is really unconformable and 
i*ests on an inclined surface of the slate, as at Hoosick falls. 

4. It has also been proved that troughs in which a member of 
the lower Silurian group was. deposited may deceive by convey- 
ing the impression that the included limestone belonged to slate 
as a member of the group, as at Highgate, Vt 
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6. I have also made it evident beyond a doubt that the fact 
of the existence of Silurian rocks in the midst of the Taconic 
system furnish by their presence and their relations, the highest 
possible evidence of the existence of the Taconic system. 

6. The strength of the evidence is increased (if possible) 
when it is considered, that these masses of Silurian rocks 
th»)ugh really isolated, overlie both divisions of the Taconic 
system, that they are found at the western and eastern borders 
of the system and always occupy a position ^uperior to and un- 
conformable with the Taconic rocks upon which they rest 
These overlying outliers dip in all directions, sometimes west 
and sometimes east and northwest, etc., according to local cir- 
cumstances; another proof of the general uncontbrmability with 
the system. 

7. I have shown that the theory of plications has certain 
physical impossibilities to perform when it is attempted to 
apply it to any part of the Taconic system where the overlying 
rocks are of the lower Silurian epochj the order in which 
the plicated mass must lie, being totally different from that 
which exists along the lines of fracture as at Bald and Snake 
mountain, etc. 



THE TACONIC SYSTEM CONSmERED AS THE REPOSITORY OP THE 
METALS AND AS A PERIOD OP ERUPTION. 

§51. It is a rare combination or phenomena which circum- 
scribes an epoch of geological events so clearly and so closely 
that it can be referred to a subordinate part of a given period. 

Indeed most of the references to periods are rather approxi- 
mations than determinations, and probably the references which 
I may make of the epochs of veins and eruptive rocks in the 
Taconic system may partake more of the former than the latter. 
Still, when all the facts are brought together and weighed, I 
am disposed to regard the veins and eruptive masses which 
traverse this series of rocks as really belonging in part to the 
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Taconic period. This result which I have stated is rather con* 
firmed by the fact that the presence of eruptive rocks is 
confined to the earliest part of the succeeding period, and hence 
it may appear that the eruptive period to which the veins and 
dykes of greenstone and porphyry belong may be referred with 
greater exactitude to both periods, the first part of the Taconic 
and the first part also of the Silurian period. 

§ 52. Veins which may be regarded as belonging to the Ta^ 
conic period. — The lower slate rocks of the Taconic system are 
remarkable in some parts of the country for the frequent 
occurrence of veins of milky quartz. In New England and 
New York they are white opaque masses traversing the rocks 
with very little regularity. They usually appear to thin out 
rapidly, running out from a large mass in thin strings, and to 
terminate very soon in the neighboring rock. Besides, they 
not only end speedily in a lateral direction as I have stated, but 
appear also to thin out beneath and to terminate in thin strings. 
So constant are these veins or irregular masses, that the tal- 
cose slates may be said to be characterized by them. 

The minerals which are associated with this kind of quartz, 
are chlorite, sulphuret of iron in crystals, carbonate of iron and 
stains of manganese. They can not be regarded as metalliferous, 
notwithstanding we frequently find in them a few of the metallic 
combinations. But veins possessing the character of true veins 
also belong to the talcose and chloritic slates, which is their 
veinstone also, and I am unable to perceive that the quartz in 
its mineralogical characters differs from that already referred to. 
The veins, however, of the latter extend laterally and in depth 
to an indeterminable distance; and when they divide iato 
strings, the fact may be regarded as an exception to the general 
law or rule which they. obey. 

The latter are metalliferous; and to this class we may refer 
both the auriferous and cupriferous veins of Virginia, North 
Carolina and Georgia. The rock in which the gold occurs in 
the southern states is regarded by many as the primary talcose 
slate, which is associated with hornblende^ gneiss and mijca 
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slate. In North Carolina and Virginia these auriferous rocks 
are associated with breccia and conglomerates, and such are 
their relations that it can be no longer doubted that the forma- 
tion of the auriferous veins comes within the epoch- of the oldest 
sediments of the Taconic system; for although the p/>rphyries 
and metallic copper veins occur in the lower Silurian, still 
auriferous veins appear to belong to a much earlier period. 
But again it is true, that many of the auriferous and cupriferous 
veins occur in the talcose and hornblende rocks of the Blue 
ridge, still as the veins run in a direction parallel with those of 
the Taconic system, they should therefore be regarded of the 
same age or epoch, and the auriferous veins of Somerset, Vt., 
should also be referred to the Taconic period. 

Native copper occurs rather sparingly in certain porphyroid 
rocks in Chatham county and may be also cotemporanebus with 
the auriferous quartz vein. 

§ 53. In addition to the foregoing metalliferous veins of this 
epoch, it seems to be established that it is also the period to which 
the veins of magnetic and specular iron belongs. In North Caro- 
lina both species of ore are found in veins traversing the slates 
which are associated or connected with beds of conglomerates 
as in Chatham county, four miles northwest of the gulf. Mag- 
netic iron also occurs in Randolph county, N. C, in the same 
kind of rock as in Chatham. 

In the first part of this work I have shown that the epoch of 
the production of veins of specular iron belonged in part to the 
lower Silurian period, inasmuch as the Potsdam sandstone is 
disturbed where the beds crop out. In northern New York, 
however, serpentine is the accompanying eruptive rock. The 
period to which a portion of the trap and porphyry belongs in 
North Carolina, is equally well determined as that respecting 
the auriferous quartz veins. 

In this state, for example, there is probably one of the most 
singular belts of trap in this country. It traverses Guilford 
county, and the western part of Alamance, and pursues a north- 
easterly and southwesterly course across the state. This belt 

13 
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consists of numerous veins of trap, granite, quartz and feldspar 
which cross each other in various directions, and in their fre- 
quent crossings they form so complete a net work that the 
rocks traversed can scarcely be distinguished. That this singu- 
lar net work of eruptive rocks, should be referred to an epoch 
as late as the Taconic period, is evident from the fact that it 
penetrates these rocks along its western border in Alamance, 
Guilford and Davidson counties, and it occupies in this system 
a belt of it, six miles wide, at least, and extends also into the 
adjacent piimary district, so that these veins occupy a space 
between the two systems. But it may be questioned perhaps, 
whether these eruptive rocks may not belqng to the Triassic 
period, or to one near the close of the palaeozoic period. When 
we compare this net work or mass of dykes and veins with the 
trap of the last part of the palaeozoic period, or a period extend- 
ing from the last part of this period to the Triassic, we can not 
fail to discover a remarkable difference in the material composing 
them. In the latter the traps are not accompanied with veins 
of quartz, granite and feldspar; at least, I have not observed 
them. In the kind of matter and in the circumstances, there 
seem to be those differences which indicate that the two periods 
of eruption are distinct; and hence I am induced to regard the 
net work of eruptive rocks which occupy a belt between the 
Taconic system and the pyrocrystalline rocks as belonging to 
the Taconic period. We know that it comes within the period 
of sediments. But there are no positive data to fix it with cer- 
tainty. 



THE TACONIC PERIOD- ONE OF ANIMAL AND VEGETABLE LIFE. 

§ 54. This system is not less thoroughly peculiar in its organ- 
isms, than in its physical characteristics. It is true that the num- 
ber of its fossils is small when compared with the Silurian period; 
but as far as they go they stamp upon it a distinctiveness which 
is as marked as that of the Silurian and carboniferous. But this 
js not all: we have a right to consider the absence of certain 
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Silurian fossils, a fact which looks favorably towards the view 
I have attempted to sustain. I admit that even the Silurian 
system is not equally rich in fossils in all its groups. In some 
instances their absence is accounted for on principles upon 
which all geologists are agreed, and which are considered as 
good and sufficient reasons for their absence. There are in-^ 
stances, too, of their absence, for which we can not assign a 
satisfactory reason. As a general rule, however, the fossilifer- 
ous bands occupy nearly the same horizons, and they are so 
rarely absent that the palaeontologist always expects to find 
them. It is not so, however, in the Taconic system; there is a 
general barrenness of life and vitality, which is not accounted 
for, unless it is regarded as due to the period in which the rocks 
were deposited. Their rarity is not local; it is coextensive 
with a certain series of rocks. While the Silurian carries its 
characteristic fossils for more than a thousand miles, the Taconic 
system is equally comparatively barren for the same distance. 
Again, the scarcity of fossils can not be explained on the ground 
that the rocks have not been examined. This series of rocks 
have been under the eyes of geologists since 1817; they have 
been examined minutely in Rensselaer and Washington coun- 
ties, N. Y., and Berkshire, Mass., and with more or less care 
over the whole area of western Vermont. A few fossils only 
have been discovered over this large area Of the fossils 
which these rocks have furnished, marine vegetables are the 
most common, but they are limited to a few obscure species; the 
thickness of the bed in which they they occur is at least 2,000 
feet. Graptolites rank next in numbers; they even exceed the 
marine plants in the number of species which have been found. 
In addition to the foregoing, there are three species of trilobites 
and some four or five of molusca. 

The plants, it will be observed, occupy a wide and vertical 
space; it is the reverse of this with respect to the animals. The 
giaptolites of the Hoosick roofing slate are confined to beds whose 
thickness scarcely exceeds two feet. Tlie trilobites are quite 
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limited also, and the little Staurograpsus is confined to the 
thickness of half an inch.* 

I propose now to describe the fossils of this system in the 
foUowing order: 1. The Marine vegetables; 2. Graptolitt^s and 
the supposed foot-prints of Molusca, or, as some regard them, 
as animals allied to graptolites; 3. Molusca; and 4. Trilobites. 

The Marine vegetables maybe separated into three divisions: 
1. The flat leafy expansions, using the term leafy in its or- 
dinary meaning; 2. The elongated and rounded flattened chord 
like bodies lying in convoluted folds; 3. Stem like bodies usually 
short and rounded. 

From the imperfect condition of all the vegetables in this sys- 
tem, it is impossible to classify and arrange them in a satisfac- 
tory manner. Hence, the most which can be done, is to give 
them some name by which they may be known. In my report 
of the agriculture of New York, I applied tiie common appel- 
lation fucoids, then in use. In Mr. Hall's report, two of those 
vegetables were named generically, Buthotrephis* 1 have no 
objection to the name; I shall therefore adopt it. 



1. MARINE PLANTS. 
ButfiOTREPHIS RIGIDAjP^. 2^ fig. 1. 

Fucoides rigida. 

Frond rather narrow, branching and only slightly curved or 
flexuous. It occurs at numerous places iu Rensselaer and Wash- 
ington counties on the black flags and slates. It is much less 
common than the following. 



* If we assume the Hoosick roofing slates to be the repositories of the most 
ancient graptolites, and then trace the beds upwards and into the places 
where the graptolites and fucoids occur, we can not fail to be satisfied that 
these low forms of life and vitality are distributed through a much greater 
thickness of rock than I have stated in the text. 
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K FLEXuosA {Haliy . 
Fucoides Flexuosa {Emmons), 

FroijiJ wide, flexuous and branching, consisting of a very thin 
expansion of vegetable substance. The two species differ much 
in size; the first has much more substance, and appears stiff and* 
rigid, and the frond is scarcely more than one half the breadth 
of the flexuosa, and is quite uniform in this respect. The 
flexuosa is eight or nine inches high, as the stem appears in the 
best preserved specimens, though the frond is often broken or 
interrupted by layers of slate. There is not much doubt that 
the two are distinct species. 

I have observed two other kinds also in the rocks of Rens- 
selaer — one with a very narrow frond, less than a line in width, 
with only a few branches, and another whose width is the same 
as the B. rigida, but had no branches on the part exposed, 
which was about six inches. 



BUTHOTREPHIS ASTEROIDES {FUch), 

Fig. 23. 

Frond stellate, having five 
branches radiating from a cen- 
tre; Salem or black thin bed- 
ded slates. 

Dr. Fitch refers this singu- 
lar, though imperfect, organ- 
ism to Mr. Hall's genus, Bii- 
thotrephis; perhaps correctly. 
It is, however, a remarkable 
form for a vegetable, and it may 
turn out to be one of the grap- 
tolites, inasmuch as discoveries 
looking that way have already 
been made. The edges are 
without cells or crenulations, but the extremities of the arms 
were much longer, it would seem, from the manner in which 




♦Transactions of Agricultural Society, 1849. 
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they terminate, Ihan they appear at present on the specimen. 
Four or live of these singular plants, or graploliies, were ob- 
served on a single slab of slate two or three feet square. 

Mr. Hall describes a vegetable fossil whicL occurs in the 
neighborhood of Union village and Salem. It is supposed to 
consist of fragments of succulent stems of plants, more or less 
compressed, but of a roundet! I'onn, and may be tubular or solid; 
they are about three inches long; they are referred to the new 
genus Palieophicus; see Paleontology N, Y., p. 263. It is 
the PaliEophycus virgatus. Another variety or kind of stem 
was found several years ago in the green shales of Rensselaer 
county. The stem is twisted, see fig. 24, and may belong to 
the same genus or family as the foregoing. 




These fragments are evidently casts of parts of vegetables, but 
their characters are too imperfect to enable the palieontologist 
to do more than refer Ihem to the class of marine vegetaliles. 

The rounded and slightly flattened chord-like fronds (if a 
frond), which are rarely if ever branched Professor McCoy has 
expressed the opinion that they are also marine plants, and 
has given them the generic name Palieochorda. 

Generic char. — Frond, very long, cylindrical, chord-like- very 
slowly tapering at each end, surface smooth rarely dichoto- 
mous {McCot/). 
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Pal^ochorda uarina, pi. 2,J^. 8. 

Gordia marinfl {Emmons). 

Helmiitihoidichnilea marina (Filch). 

Frond very long, sinuous, slightly flattened by pressure, and 
one line in diameter. It occurs in flags at McArthur's quariy, 
in EastoD, Washington county. A small part of the fossil ap- 
pears in the figure. 



Pal^ochobda tenuis, fig. 25.* 
Helmintkoidicknttes tenuis (Fttck) 




The frond in its convolutions is similar to the marina, though 
rather more complicated; its diameter is about half a line. 

Dr. Fitch has given the above name to this animal or plant, 
footprint or whatever it may be, on the ground that it is a 
footprint or mark of some marine worm. Dr. Fitch's specimens 
of the tenuis were found by him at Middle Granville, Washington 
county, N. Y. 



* TmuMtioiui of ihe Agricultural Societj, 1649. 
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2. GRAPTOLITES. 

The discoveries which have recently been made respecting the 
relations which exist between the serrated arras or bodies usu- 
ally known as Graptolites and aflat membranous central disk, and 
also the discoveries of other forms belonging to this family, 
will no doubt render it necessary to reclassify and rearrange th« 
species so as to form and harmonize this curious family of ani- 
mals. Without attempting, however, any thing of the kind at 
the present time, I shall satisfy myself with following Dr. H. B. 
Geinitz's arrangement as far as it has come to my knowledge. 
In regard to the affinities of the family, it seems that it partakes 
more of the asteroid than the hydroid type of Zoophiles. But 
it may turn out that it contains species whose affinities may be 
in one case hydroid and in another asteroid; for it is certain that 
the central membranous body which has an asteroid type in 
one or two cases, is not always formed upon this plan. 

Family — Graptolithina {Bronn). 
Genus 1. Diplograpsus [McCoy), 

Serrations on both sides of the stem; the stem provided with 
an axis. 

Diplograpsus secalinus, p/. hfig- 11. 

Grapfolithus secalinus {Hall). 

Fucoides secalinus {Eaton), 

F, Simplex {Emmons), 

Straight; serrations sharp or pointed^ cells rather distant 
oblique to the axis; the serration equal in length to one-sixth or 
one-seventh of the width of the stem. The upper or young part 
of the stem is three^e'ighlhs of an inch wide, and the number of 
serrations is twenty-four to an inch. It narrows towards the 
base where the serrations are rather obtuse and tooire distant 
than those above, and is ten inches long as exposed upon the 
slate. It is confined to the Hoosick roofing slate. 
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Mr. Hall maintains that it is the G. pristis expanded, or 
widened by pressure. The intermediate varieties referred to, 
especially those upon the slate from this locality, belong to the 
inferior part of the stipe. The width of the species is variable, 
that is, from one-half to three-eighths of an inch, along the 
wider parts of the stem. Besides, the number of -serrations 
differ from those of the pristis, the latter having thirty-six in 
the length of an inch and the former twenty-four; besides, the 
cells it will be seen from the figure which is of the natural size, 
differ entirely from those of the pristis. The differences, there- 
fore, can not arise from any amount of pressure they have re- 
ceived; and, besides, this principle is inapplicable to the case. 

D. RUGOSus (n. s.),p/. If Jig. 26. 

Stem straight, thick, central column deeply and transversely 
corrugated and occupying all the space between the cells; the 
large cells appear to meet near the middle of the stem. In this 
species twenty cells are developed in an inch, and when they are 
removed by disintegration a broad depression is left, which 
gives a rugose appearance to the stem. It occurs at Parrotts- 
ville, Tennessee, in a black slate, which weathers to a soft 
light drab. 

D. DISSMILARIS (n. s.), p/. Ijjig. 5. 

Straight; cells dissimilar on the different sides of the stem; on 
one side they open at right angles to the axis, on the other 
obliquely; axis nearer to the margin of the oblique serrations. 
The stem, excluding the tips of the serrations is 3-16 of an inch 
wide. The number of serrations or cells in an inch is twenty- 
six. The figure is taken from the base of the stem, and is the 
only part which has been found. It occurs in reddish slate, in 
Augusta county, Va. 

D. ciLiATus (n. s.), p/. l,^g. 19. 

Straight, thin and ciliated; ciliae, bulbous and jointed or trans- 
versely marked proceeding from the point of each serration; 

14 



106 AMERICAN OEOLOOT. 

serrations unequal, the intervening smaller serration rounded, the 
larger prolonged and run into the base of the ciliae, axis distinct 
The specimen is imperfect, but probably, from the character 
of the column, it was free. The entire width of the column 
embracing the extended lateral ciliae, is one-fourth of an inch, 
the membrane is rather less than one-eighth of an inch wide, 
the margins appear to be dissimilar. In another specimen the 
end is rounded and complete, and furnished like the sides with 
ciliae. Found in Augusta county, Virginia. 

D. OBLiQUis (n. s.), pL l.^g". 22. 

Straight, serrations turned obliquely outward, exposing the 
mouth of the cell. 

The substance of the graptolite is olive green, thin and mem- 
branous. There are twenty-four cells in an inch. The sides 
are similar; axis, if any, concealed. Found in Augusta county, 
Virginia. 

D. FOLiosus (n. s.), pL lyfig* 13. 

Serrations prolonged, pointed and leaf like; expansions 
directed backwards or towards the base of the stipe at this part 
of the column; the upper end, the lengthened points, are 
directed upwards. The length of the free parts of the serra- 
tions is greater than the width of the column. This grapto- 
lite has forty cells in an inch, the substance green, or similar 
in color to the preceding. The cells appear as if they were 
arranged in a circular or spiral manner around an axis. It is 
found in soft, reddish slates in Augusta county, in Virginia. 

Gen. Monograpsus. 
Serrations confined to ope edge of the stem; axis none. 

M. elegans, p/. Ij^g*. 27. 

Outer edge of the serrations straight and nearly parallel with 
the opposite edge; depth of the serration equals one-half of the 
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width of the stipe. Fig. 14 enlarged. The width of the stipe 
is about one-sixteenth of an inch and there are twenty-four cells 
in an inch* The substance of the graptolite is green and coria- 
ceous. This beautiful species occurs in Augusta county, Va., 
soft whitish slates. 

M. RECTUS (n. s.), pL 1, fig. 28. 

Straight, serrations pointed, upper edge of a sefrration obli- 
que to the axis of the stem. Width of a serration equals one- 
half of the width of the undivided part of the stem; width of the 
stem one-eighth of an inch, and twenty-two crenulations in an 
inch whose edges are perfectly straight and not curved so as to 
leave a curved space between the notches. 

From the point of each crenulation, there runs an oblique 
ridge which meets a longitudinal one, the latter runs nearer the 
straight than the crenulated margin. This species occurs in Co- 
lumbia county, in the Taconic shales and is closely allied to G. 
latus of McCoy. 

Gen» Cladograpsus (n. s.) 

Serrations or cells arranged on the outer edges of a branching 
stipe; axis none. 

C. DISSIMTLARIS (u. 8,), pi. ^yfi^g. 15. 

Outer edges of the stem dissimilar, serrations rounded, mouths 
df the cells appear to open at the base of the serrations on one 
side; on the other, at the apex. 

The thin upper membrane when removed, discloses curved 
canals leading from the cells to the middle of stem. The sub- 
stance of the graptolite is green and coriaceous. 

C. INEQUALIS (n. S.) 

Stipe very narrow and arcuate; serrations obsolete, being 
indicated by a waving edge; the cells open on the margin of 
the stipe just at the anterior edge of the faintly developed 
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serration; the cell is an elongated oval, lying slightly oblique 
to the margin. The branches in this specimen are somewhat 
dissimilar, one being rather wider than the other. It is found at 
Parrdttsville, in Tennessee, in a soft decomposing slate. 

Glossograpsus (new genus). 

Column free; thin membranaceous, ligulate, extremeties 
rounded, axis distinct. 

G. ciLiATUs (n. s.), pi. I9 fig* 25. 

Straight linear crenulations faintly developed and prolonged 
into ciliae, equal in length to the width of the ligulate body, 
ciliae surrounding the whole body or membrane. The axis is 
prolonged beyond the membrane forming the column or 
stem. Length one inch. This graptolite seems to be one of 
the perfect forms under which this family is sometimes devel-^ 
oped. It is well known that these serrated bodies, the Diplo- 
grapsus^ etc., are but the mutilated parts of the animal, which 
radiate from a central membranous scolloped disk in some 
instances. 

The Glossograpsus I regard as a perfect animal with its axis 
extended beyond the body; and this organ may serve to attach 
it to other bodies, or it may have floated freely. This form of 
axis often appears among other fragments of graptolites and 
hence like them may be regarded as a distinct species. The Diplo- 
grapsus, ciliatus and crinitus, may also belong to this sub family 
Glossograpsus, inasmuch as we know they are rounded at one 
extremity, but the character of the other is not determined and 
hence I have placed those in the genus Diplograpsus. The 
genus occurs in the dark colored shales of Columbia county, N. Y. 

STAUROGRAPsus(new genus), p/. \ Jig» 21. 

Disk free, cruciform, arms four, dichotomous cells terminal, 
substance membranaceous, free and furnished with an axis. 
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S. DICHOTOMOUS. 

Disk, provided with four arms each, of which is divided near 
the extremity and forms a cell. Surface of the arms uneven and 
it is possible cells existed on the sides of the arms as well as at 
their extremities. This small and remarkable graptolite 
belongs to the asteroid type, but it preserves its relation to the 
graptolites by the presence of an axis which is visible where 
the branches are separated from the arms. The arms might 
have been reckoned as five instead of four, inasmuch as one 
divides just beyond the point where they cross. The largest of 
these asteroid graptolites is represented in the small figure by 
the side of the enlarged one. It was found in the black Taconic 
shales of Rensselaer county, N. Y. 

Nemagrapsus (new genus). 

Axis elongated and thread like, simple or compound branches 
round at the base and flattened at the extremities; cells appear 
to be arranged on the flattened part of the axis instead of the 
margin. 

N. ELEGANS (n. s), pL 1, fig. 6. 

Axis arcuate and sending oflf numerous branches from the 
convex side, branches round where they leave the arcuate axis 
but expand upwards; margin even. 

This species is extremely attenuate where the axis becomes 
flattened, and hence, through the particles of shale are fine, they 
break and obscure the continuity of the membrane. It is evi- 
dent, however, there are no serrations upon either margin, and 
under the microscope the surface is slightly dotted so as to give 
the appearance of the mouth of cells. It is found in the Ta- 
conic slates of Columbia county, N. Y. 

N. CAPILARIS (n. s.), pi. 1. fig. 7. 

Axis long, convoluted and furnished with a fev? short 
branches; under the microscope it appears annulate, but whether 
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the rings are due to structure or to fractures, it is diffi^ 
cult to determine. The substance resembles the axis of a 
graptolite. It is, however, a veritable fossil, though I sUn 
imable to discover the cells proper to graptolites or other 
appendages for nutrition and growth. Taconic slates of Co-» 
lumbia county. 

NfiREOGRAPSus {Gcinitz), 

^^ Biserial, the stem having no central axis or a very soft 
one." 

N. Jacksoni, pL 2, Jig. 2. 

Convolute, crenulations large, rounded and rather oval, the 
depression on each edge separating them, meeting in the middle 
on the line of axis. The body is half an inch wide and less 
than four crenulations in an inch. This large Nereograpsus 
occurs in the green talcose slates of Waterville, Me. 

N. LooMisi. 

Convoluted, narrow crenulations, lanceolate terminating in 
an axis, or rounded ridge. There are twenty-eight crenula-* 
tions in an inch. Waterville, Me. 

N. Deweyi, pL 2, Jig* 3. 

Convoluted crenulations, small, rounded, and terminating in 
the middle of the stem, which on the side exposed produce a 
groove. Crenulations in an inch, twenty; width of the body 
one-eighth of an inch. This is one of the finest of the Nereites* 
in the series belonging to the Waterville slates. 



* I have many doubts respeoting the class to which the agenta be-> 
longed which produced the singular impressions which have been regarded 
as foot prints at one time, and at another as belonging to a class of annelids, 
and which have received the name of Nereites, Myriantes, etc. But as Dr. 
Greinitz has seen the open mouths of cells, it is probable they should be placed 
in the family of graptolites. 
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N. GRACILIS^ pL 2, fig. 6. 

Convoluted, crenulations numerous, narrow, scarcely pointed, 
extending to the middle of the body. The number of crenula- 
tions in an inch is twenty-two. Waterville, Me. 

N. LANCEOLATA,p/. 2y fig. 4. 

Convolute, centre of the body has a narrow ridge to which 
the lanceolate crenulations extend. The width of the body is 
five-eighths of an inch, and there are ten crenulations in an 
inch. Waterville, Me. 

N. PUONUS. 

Convoluted, crenulations large, long, oval, extending to the 
middle. A part of. the specimen is cylindrical and without 
crenulations. 

In addition to the foregoing, there are two species of Myri- 
antes, at the Waterville locality. These singular bodies are 
confined to a thickness of slate not exceeding four or five feet. 

N, ROBUSTUS (n. 8.\pl. 2, fig. 7. 
Convoluted, crenulations nearly round, terminating in a 
strong, narrow ridge in the middle. There are about eight 
crenulations in an inch; body one-fourth of an inch wide. This 
Nereograpsus was found in the Taconic slates of Columbia 
county, N. Y., thus proving a similarity or parallelism with 
slates of Waterville, Me. 



3. MOLUSCA. 

Most of the molusca of this system belong to the family of 
Brachipods, all of which are so minute that it is difficult to 
discover their most important characters. Their shells are so 
extremely delicate and thin, that it is impossible to succeed in 
exposing those parts of the shell upon which their specific cha- 
racters are founded if they are concealed in the rock. It is 
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highly probable, therefore, that the references I have made may 
be incorrect. The figures of the forms and markings embrace 
all the characters which can be relied upon for their determi- 
nation. 

Genus Lingula. 
i, striatay pi. 1 9 Jig* 17 (n. s.) 

Minute, oval, beak acute, concentric lines few, radiating lines 
distinct and numerous, comparatively wide at the extremity 
opposite the beak; it tapers rapidly to an acute beak, from a 
point about two-thirds the distance from the opposite extremity; 
it is extremely thin and attenuate; occurs in the white fragile 
shales of Augusta county, Va. 

L. ELLIPTICA (n. s.) 

Small, elliptic, extremities rather rounded, lines of growth 
faintly preserved, margins gently and regularly curved and 
alike; extremities subequal. The shell is extremely thin and 
delicate, and nearly one-fourth of an inch long. It occurs in 
the w^hite fragile shales of Augusta county, Va. 

Lingula, pi, iyjig. 9. 

In this fossil there is a departure from the common characters 
of this genus. The obliquity, however, of the figure, on a 
careful examination of the specimen, is rather exaggerated; the 
apex is subcentral, or rather the shell is inequilateral. 

Gen. Orbicula. 
0. excentrica {n. s.), p/ Ij^gT- 4. 

Small, extremely thin^ ovate, apex excentric and acute, ra- 
ther elevated, rising from a nearly flat expanded border, the 
base of which is marked by a sharp ridge; concentric lines or lines 
of growth obsolete in front, distinct behind. Found in the white 
fragile shales of Augusta county, Va., associated with lingulas, 
graptolites, &c. 
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Gen. Obolus, p/. l.^g". 10. 

I refer to this genus, pi. 1, fig. 10. It has no teeth which can 
be discovered, but it is slightly inequilatral, and the groove for 
muscular attachment does not appear in any of the casts of this 
shell. The external form of the shell and its striae are well 
preserved. It occurs in the whitish shales of Augusta county, 
Virginia. 

Cypricardta, p/. ^-9 fig. 1. 

This fossil is referred to Cypricardia front its form. It is 
impossible to discover the essential characters in the teeth, if it 
has any. It had a very thin shell, and the lines of growth are 
rather prominent. A single muscular impression is preserved. 



4. TRILOBITES. 

The trilobites which have been discovered in the Taconic 
system, belong to a family which has been known in the lower 
Silurian rocks for many years. The species, however, are un- 
known in the Silurian period. They were first discovered in 
fragments, and hence there were reasons for difference of opinion 
respecting them* The Eliptocephalus and Atops were disco- 
vered in Washington county, N. Y., in dark-colored shales. I 
published figures in my reports of the foregoing genera, which 
I regarded as new at the time, and subsequent discoveries of 
specimens both species have confirmed the opinions which I 
then expressed. I have since discovered a minute trilobite in 
the shales, in Augusta county, Va., which I regard as older than 
those of Washington county. They are not, however, far re- 
moved from the same geological horizon. The condition of 
those in Washington county renders their characters somewhat 
obscure. They are not, however, distorted, but simply flattened, 
but not so much as to obliterate the stronger lines upon their 

surfaces. 
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AMERICAN GEOLOGY. 
1. ElIPTOCEPHALUS ASAPHOIDES,* pi. l,_fig. 18. 

Olenus asaphoides {Hail). 




v.. asHphoides. 

Triangular, buckler, semi-eliptical, terminating posteriorly ia 
elongated sharp shines. Suture indicated in part by an ellip- 
tical outline of ihe glabella, which in young individuals i& 
lobed; eyes none, or entirely undistinguishable in the speci- 
mens. The number of ribs is unknown, but the number which 
can be distinguished is fourteen, which is evidently less than 
belongs to the species; pygidium unknown. 

The Eliptocephalus has been referred to the genus Oleausbj 
Mr. Hall. The ground upon which this reference is made is 
unquestionably insufficient, as the latter has been constituted. 

*TliB genua Elipaocephnlus was unknown to me at ihe time of the pabli- 
(?ati(iu of tliQ nbove ; the name, from its similnrity, in no dotibl objectJonnhle, 
but I am difpused to retain jt for tlie proseut. 
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For comparison I hare KDnexed a figure of the Olenus gibbosus 
Dalman, the one which is best known of the species. The 
buckler and its spines are much 
shorter, and from which the 
glabella is separated by a fur- 
row. The length of the head 
of the Eliptocephalus is propor* 
~~-^\ tionally much greater than in 
^^ ^ the Olenus.tosay nothing of the 
eyes; and the suture which, ac> 
cording to Mr. Hall, is similar to 
the Olenns, there is really no 
mark or line by which it can be 
determined, and probably if its 
direction in the specimen could 
have been seen, it would have 
been described, instead of say- 
ing in general terms that " it 
U M in the Olenus," for this is not an avail- 
aUe description. The number of ribs is also 
greater. The figures, howlver, are placed side 
by side and may be compared by the student. 
I have also added a small figure of a Paradox- 
ides, in which the comparative length of the 
head is much greater than in the Olenus. 



P. Boliemiciu. 




0. gibbosus. 




2. AtOPS TBlLtNBATUS, pi, l,Jig. 16, 

CaJymene Beckii {Hall). 
Crust granulated, cephalic shield semicircular, with its an- 
terior and lateral edges turned upwards; posterior angles 
rounded, facial suture, beginning at the outer angle of the ce- 
phalic shield, and runs nearly parallel with the anterior margin 
to the middle lobe, when it turns at a right angle and runs par- 
allel with that lobe; eyes undistinguishable, body composed of 
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seventeen or eighteen rings, narrowing very gradually to the 
caudal extremity; pygidum a flat expansion of the crust and is 
provided with a single ring; axis narrower than the lateral 
lobes, rings seventeen, each of which is separated by a groove 
about as wide as the rings. Axis armed by a row of short 
spines; lateral lobes provided with a row of tubercles or pro- 
minences along the median line; margins of the rib groove run 
parallel as far as the tubercle, when they diverge; tubercles 
become obsolete towards the tail; carudal shield very small and 
provided with one, or at most two rings. 

This fossil has been confounded by Mr. Hall with the Triar- 
thrus Beckii, Greene, or Calymene Beckii. He has been misled 
by the row of short spines along the middle lobe or axis, which 
it is well known exist in that species. It difiers, however, from 
the Triarthrus in every other character; in the number of ab- 
dominal and caudal rings, the proportions of the subdivisions of 
the head, the granulations of the integuments and the row of 
tubercles along the lateral lobes. So palpably different were 
the heads of the A tops and Triarthrus, that a committee of the 
American association decided they were different from the heads 
alone: and since this decision was made the specimen figured 
has been found, which sets the question at rest. 

Both of the foregoing are found at Reynolds, about seven 
miles north of Union Village, Washington county, N. Y., in the 
shales of the Taconic system. - 

3. MicRODiscus (new genus), pi. 1, Jig. 8. 

Microdiscus quadricostatics. 

Minute, oval, middle lobe of the cephalic shield strongly de- 
veloped; ribs of the body or abdomen, four; of the tail, four or 
five. The form of the cephalic shield is only obscurely indi- 
cated; the size of this trilobite is shown in the small figure. It 
is found^in the white fragile shales of Augusta county, Va., as- 
sociated with minute moluscas and graptolites. 
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GENERAL DISTRIBUTION OF THE TACONIC SYSTEM IN THE UNITED 

STATES. 

§ 55. The TacoDic system forms a belt od each side of the Blue 
ridge^ On the west side the belt is continuous from Canada 
East to Georgia. On the east side, the belt is wider at certain 
places than on the west side, but its continuity is broken and I 
am inclined to believe it never embraces rocks which belong to 
the upper division. It is more distinct in North Carolina and 
Virginia than in Maryland or in any of the states farther north. 
In Rhode Island and Maine it occurs in areas of small extent. 
The quartz and its associated talcose slate is the base of the 
system, and constitutes the largest part of the lower series. On the 
east side of the Blue ridge the Silurian system is unknown, and 
hence we have no data by which we can directly determine the 
epoch of this sedimentary belt, and hence we are obliged to 
rely upon lithological characters for its determination, and as 
these agree in the main with those upon the west side, which 
are overlaid by the rocks of the Silurian system, we refer them 
accordingly to the same period. The only sediments which 
overlie the Taconic system, are those belonging to Professor 
Rodgers' middle secondary period, and hence from the time the 
lower Taconic were formed up to the middle secondary'period, 
the eastern side of the Blue ridge was dry land, or rather 
that section which is now known as the Blue ridge. At 
Haverstraw, the new red or middle secondary is formed of ma- 
terials derived in part from the lower limestone of the Taconic 
system. On the west side of the Blue ridge, the lower rocks, 
quartz, talcose slates and limestones have a strike of N. 60® E. 
if reckoned on the data furnished by the southern extremities of 
the series. Thus from the southwest corner of North Carolina, 
in Cherokee county, the line of outcrop of the quartz rock as 
far north as Harpers ferry, on the Potomac, the strike is N. 60® 
£• In Massachusetts and Vermont the strike of the same 
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rocks is nearly north and south. The width of the belt is 
greatest between Troy, N. Y., and Adams, Mass., where 
on an air line it is about thirty-five miles wide, though it is 
about as wide when measured on a line from Abingdon, Va., to 
Taylorsville, Tenn. The Taconic rocks are divided on the 
Hudson river by the highlands. The western or upper division 
crosses the river near Poughkeepsie. They appear on the west 
bank about five miles above Newburgh, and from this point 
traverse the county of Orange. It is near Poughkeepsie that the 
series begins to be deflected to the west, and in crossing the 
northern part of New Jersey into Pennsylvania, the series has 
passed into the same strike that it has between the south- 
west corner of North Carolina and Harpers ferry. I have not 
traced it farther south than north bounds of Georgia. I have 
examined and proved the system in Canada and Maine, and am 
able therefore to state from personal observation that it extends 
at least 1200 miles in lines parallel with the Blue ridge. 

In Michigan, in the Lake Superior region, on the north shore 
of Lake Huron, the Taconic system is largely developed. It has 
been briefly described by Mr. Logan, and has also received the 
name Azoic system by Messrs. Forster & Whitney, United 
States geologists- It was, however, first noticed by the lamented 
Houghton. I alluded briefly in my geological report to a verbal 
communication which was made me, expecting, however, a fuller 
account of the northwestern series at a future time. I have re- 
ceived a series of rocks from the northwestern region, whidi 
furnish me all the lithological characteristics of the series as it 
is developed in Washington and Rensselaer counties, N. Y. 

Having never seen the Taconic system in the northwest, I 
shall content myself with what I have said in regard to it. Of 
its existence then, in the region specified, I have never enter- 
tained a doubt since I received the information I have already 
stated. 

As facts have accumulated from time to time, I have become 
satisfied that the Taconic system will be recognized in other 
j)arts of the United States. It would, however be premature to 



DISTRIBUTION OF THB TAC<»IIC SYSTEM. 119 

attempt to identify it in sectiong which have been imperfectly 
explored. 

Former extent of the lower Silurian eastioard of the Hudson, 
The existence of insulated outliers of the lower Silurian system, 
some fifteen or twenty miles east of the continuous masses at the 
Cohoes, near Waterfwd, indicate that there was once a continu- 
ous sheet of them. Those isolated masses usually occur upon 
the knobs and ridges, or upon their slopes. In the valley of the 
Hoosick, at Hoosick falls, the ridge of the calciferous sandstone 
is some four or five miles long, and is well characterized by its 
fossils. The ridge west of Hoosick has escaped denudation in 
consequence probably of its being upon the eastern slope, for 
the northwest sides were exposed more directly to the action of 
denuding forces; it was the struck side. The effect of denuda- 
tion furnishes important facts respecting the relative age and 
position of the two systems. Thus, in many places the Taconic 
rocks are swept perfectly clean, and are laid bare, while a 
knob or ridge in the line of strike is capped with the remains 
of low^ Silurian rocks. These patches or remains of Silurian 
rocks differ greatly in thickness, a difference which arises 
partly from activity of the denuding force. But it is also pro- 
bable that the sheet of the overspreading lower Silurian was 
never as thick upon the eastern outskirts of the system, as in 
the Mohawk valley, and besides the limestones which are well 
defined there, are in this region of outliers feebly represented and 
pocfflj defined. I have found at Greenbush the fossils of the 
calciferous sandstone, the Cbazy, birdseye and Trenton lime- 
stones. Yet the two predominant masses are the calciferous 
rous and Trenton; and yet there are small masses of limestone 
wbick are scarcely determinable upon the spot which contains 
the Maclurea and Fucoides demissus of Conrad, the characteristic 
fossil of the birdseye limestone. The dip of the outliers of 
the Silurian limestones is exceedingly variable. At Hoosick, 
the dip of the calciferous sandstone coincides very nearly 
with the slate upon which it rests. It is an instance where, if 
the junction of the two systems could not be seen, Vl vjOAJ^diXie 
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maintained that the two are conformable, and hence would lead 
tbi! observer, as similar instances have already proved, to adopt 
the conclusion that being conformable tnasses, they belong to 
the same period. 

§ 66. h it necessary to assume i/utt the gneiss, mica slate and 
hornblende or the laminated pyrocrystalline rocks are altered 
sediments ? 

The discussion of this question involves that of another, 
whether we have evidence that the Taconic system contains the 
sedimentary base I have claimed for it Without debating this 
point at this time, I remark, that inasmuch as we are unable to 
recof:;nizc in the oldest palaeozoic strata gradations into the 
laminated pyroctystalline rocks, and as it has been shown that 
there is a scries of sediments far below any trace of an organ- 
iNiUi it mny well be inquired if they are not in that condition 
which may be rationally expected, for representing the oldest 
Kediineuts upon the globe. The laminated do not, in any part 
of the ^\ol)K\ pass into the oldest sediments. Geologists do not 
find pebbles, obscurely defined, in laminated rocks, or other 
phenouu'ua, which indicate that they were originally sediments. 
The pivssibility of changing sediments into laminated masses, in 
which all traces of the aqueous origin shall disappear and become 
oUiteratiHi« will not be denied. But on the ground, that of pos- 
sibilitY «lout\ is it necessary to assume that the laminated rocks 
wert' ivri^iuttUy stxiimentsf seeing, too, there are no inter- 
lUtnUut^ masst's which prove a passage from the sedimentary to 
th^ hmiuattxi rock^ can it not be proved that sediments 
h^vt' a b<;^^inuing in a clear and well defined base which 
fv>nus al$K^ a distinct boundary between what we know to 
W ^im«^nt$ am) thv>$e rvx^ks whose aqneoos or^n is only as- 
;^uiiit\U btvau;^^ tbi^re are fv.>rvHfs in existence wliich can change 
$<s)ituirttt$ iau> the likened \>f the laminated masses. It seems 
tv^ itt<^ utttikcsNer^^i^rv^ theref\>re« to re^rd the laminated rocks as 
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Is the Taconic system established an facts and principles which 
are received and acknowledged by geologists of authority 1 

For the benefit of the student, I shall copy the views of Mr. 
Murchison as he has expressed them in a communication to the 
Geological Society of London, and which will be found in its 
proceedings, vol. 3, p. 38. Mr. Murchison says: 

^^ That it is not by finding, after several years of elaborate 
research, a few undescribed and rare British palaeozoic forms, 
that the age of rocks can be determined. The true tests are the 
order of superposition, and the common prevalent fossil types; 
for, if amid forms peculiar to one or two localities, the prevail- 
ing typical shells of a previously named group should occur in 
lower or thicker strata, or, if the band in question can be fol- 
lowed into other tracts, where the usual types abound, the 
point is determined." 

The doctrine contained in the foregoing quotation is evidently 
this, that where there is no superposition of rocks, and where 
the fossils throughout a series of beds belong to the prevalent 
fossil types, we have the proof that the system is one system, 
though it may contain a few new and unknown species which 
are discovered by diligent search. 

But, then, the doctrine is equally clear that if we find over- 
lying rocks of one system and the fossil types do not belong to 
the common typical forms, but differ as a whole, then we are 
warranted in regarding two series thus distinguished, as belong- 
ing to different systems or different epochs. The foregoing 
principles form the basis upon which my convictions have rested. 
It is, first, upon superposition, as exhibited at Hoosick, Green- 
bush, Bald mountain, Galesville, North Granville, Snake moun- 
tain, Highgate, at Sharpshins, and at many other places where 
the relations are the same, that prove what I have contended for 
the Taconic system in all its length and breadth. But super- 
added to this, I have shown that the species of fossils differ also 
from the Silurian types; that is, the species are different, and 
they are not intermingled with the well known Silurian types, 
for of the latter none are yet known, and this last is a sigiil&- 
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cant one. If the beds which contain fossils contain none which 
are Silurian, what are we to infer, especially if this is a general 
fact; certainly, that if fossils are to have weight in determina- 
tions of this kind, it goes strongly against the doctrine that the 
series is Silurian. If it is an established doctrine, that rocks 
which are separated in vertical space and also in time, will be 
characterized by different fossils, then that doctrine should 
govern our opinions. If we can account for the absence of 
fossils in a fossiliferous series, on established principles, their 
absence becomes of no account in questions of age; but when 
the fact is general, and it prevails for a thousand miles, it 
becomes significant. A fossil period will furnish fossils some- 
where on lines so extended, and if on lines thus extended, they 
are not found, then we are justified in the belief that the period 
was not one of life and vitality. The lower part of the Taconic 
rocks belong to this period; they are, every where, so far as 
discoveries have yet been made, devoid of fossils. 

The Taconic system rests, then, on the following points: 

1. Its series, divided into groups, are physically unlike the 
lower Silurian series. 

2. It supports unconformably at numerous places the lower 
Silurian rocks. 

3. It is a vital system, having been deposited during the 
period when organisms existed. 

4. As a natural history system, it is unlike the lower Silurian, 
first, in containing fossils yet unknown in the lower Silurian, 
and, second, in the absence of the typical forms which are pre- 
valent in the lower Silurian. 

5. In the Taconic system we have the palaeozoic and sedi- 
mentary bases; the former comes in far above the latter, or at a 
period long subsequent to the time when deposits began to be 
formed. 

6. The Taconic system carries us back many stages farther in 
time when life gave vitality to its waters than the Silurian. It 
represents a period vastly longer though it may occupy a less 
superficial area. 



THE SILURIAN SYSTEM. 



IT IS WIDELY EXTENDED IN NORTH AMERICA. ITS PHYSICAL FEA- 
TURES ONLY SLIGHTLY DISTURBED BY IGNEOUS FORCES. THE 
CHAIN OP ORGANIC BEINGS IS THEREFORE THE MORE PERFECT. 

§ 1. The Silurian, which fills so large a volume in geologic 
history in Europe, seems to be still more full and complete in 
America. It extends from Canada on the north to Ala- 
bama in the south. The northern highlands lying between 
the St. Lawrence and Lake Champlain bulge up in an 
irregular dome, from which it is thrown off in every direction, 
but in a more important sense, in two directions; the first, 
towards the northeast; and the second, towards the southwest. 

The dip of the rocks on the northeast side, indicates the 
existence of a great basin widely spread out in this direction 
which might be called the Laurentine basin of this system. 
Following the dip to the southwest, the indications are 
equally clear, that in this direction also there is another basin 
extending over an immense area, having its southeastern base 
in the Appallachian mountains, and hence may be called the 
Appallachian basin of the Silurian system. 

The rough measurement over this anticlinal which separates 
these great basins of Silurian rocks which extend on the one 
side far to the northeast, and on the other to the southwest, 
gives at least twenty degrees of latitude. Following the base 
of this system from the northern extremity of Lake Champlain 
to the St. Lawrence and then tracing its course upon the irre- 
gular borders of the great lakes to the waters of the Mississippi, 
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above the Falls of St. Anthony, it has a basal line nearly 1500 
miles long. 

This vast extent of base, taken in connection with the devel- 
opments of the system northeast or southwest, or on both sides 
of the anticlinal shows the magnificent scale upon which this 
system was laid down in North America. 

§ 2. When we take into account the great extent of the sys- 
tem as stated in the foregoing paragraphs, it will no doubt be 
regarded as a remarkable fact, that over these wide areas it is 
comparatively unbroken by igneous injections and the regular 
succession rarely broken up or displaced by outbursts of pyro- 
crystalline rocks; the sediments therefore, when examined on a 
large scale, seem to have been quietly deposited, or their orderly 
accumulation scarcely interrupted. This freedom from breaks and 
interpolated igneous masses, has an important bearing upon the 
existing regularity in the arrangement or succession of the 
organic stages which belong to this system; and from these 
favorable conditions for the prolongation or preservation of life, 
we may attribute the more perfect representation of these stages 
during the palaeozoic period. The two facts seem to harmonize 
so well, that they may be connected together or related to each 
other as cause and effect. From the foregoing, it will probably 
follow also, that the time when important species were created 
may be more exactly determined, as well as their derivation and 
time of their disappearance or extinction. If so, the palaeozoic 
period will be more interesting, as it will furnish a fuller and 
more complete history of life and organizations, especially when 
taken in connection with the vast area over which they are 
spread, furnishing thereby a more varied and more favorable 
condition for its manifold developments. Its natural history 
will be far more complete and full, and its connections preserved 
better than it possibly could have been, had this period been 
remarkable for extensive dislocations and disturbances. 
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SUBDIVISIONS OP THE SILURIAN SYSTEM. 

§3. The present twofold dmsion of the Silurian system 
gives the student all the advantages and facilities for investiga- 
tion which are necessary and essential to his purpose, or which 
could be secured by a farther subdivision. The established 
divisions are upper* and lower. The latter embraces the old 
geographical division of New York, the Champlain group. 
With this modification, the Oneida conglomerate should be 
removed to the base of the upper division, or upper Silurian. 

The lower Silurian, to which I have had so many occasions 
to refer, includes the following rocks: Potsdam sandstone, cal- 
ciferous sandstone, Chazy limestone. Black river limestone, 
Trenton limestone, Utica slate, Lorraine shales and sandstones. 
The last in thiis subdivision, has been frequently called Hudson 
river group. The only reason assigned for the name was, that 
this subdivision presented certain peculiarities arising from a 
disturbance it had suffered along the Hudson river. The Hud- 
son river region, however, presents no facilities for the exam- 
ination of the upper part of the lower Silurian; it is only in 
Lorraine or Pulaski, and the neighborhood of Rome, in New 
York, that this part of the series can be examined satisfactorily. 

* The writer, while engaged in the New York sorvey, proposed the fol- 
lowing geographical divisions, or groaps, viz : Champlain, Ontario, Helder- 
berg, Erie and Cattskill, or old red sandstone groap. These groups were 
not considered at the time as good Natural History divisions, bat as a large 
number of rocks were to be described, it became necessary to propose subdi- 
visions so as to introduce some method into reports. The Champlain and 
Erie groups could be recommended, on the ground that they were natural, at 
least in part ; the Ontario group is also a natural group. 

It has frequently been intimated that the subdivision of the New York rocks 
was too minnte, and also founded on unessential characters, as well as those 
of an unequal value. The reason for this minute division was, that aU the 
rocks named contained respectively many fossils which seemed to be con- 
fined to these, and hence it facilitated very materially a reference in each 
case ; it saved an indirect reference and circumlocution. 
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LOWER SILURIAN SYSTEM. 

Us members and its distribution; compositain in different parts 
of the Union; rocks which seem to be unimportant from 
the limited space they occupy^ contain important memorials 
of the past; points of view under which rocks should be 
examined. 

§4. The lower Silurian pdteozoics seem to be fully repre- 
sented in New York and along the eastern rim of the great Appa- 
lachian basin as far southward as Alabama. In New York and 
Canada the following rocks may be regarded as their represent- 
ativesy viz. Potsdam sandstone, calciferous sandrock, Chazy 
limstone,birdseye limestone, Black river limestone, Trenton lime- 
stone, Utica slate, Lorraine shales, terminating in a thick bedded 
gray or greenish gray sandstone. The foregoing rocks are not of 
equal value or equally important, considered simply as members 
of a physical group. This arises from two or more causes : the first 
of which is the limited space they occupy when present; the 
second, from their frequent absence, and lastly, when regarded as 
the repository of fossils, they contain less which is important than 
their associates. Thus, the Black river limestone rarely ex- 
ceeds fifteen feet in thickness, but as it furnishes at one or two 
places, and perhaps more, a fine black marble, it becomes ne- 
cessary to give it a name and place in the series. So the birds- 
eye rarely exceeds thirty feet, yet its fossils and the excellent 
lime which it makes, render it necessary to speak of it as a dis- 
tinct rock. The Utica slate is scarcely recognizable in the wes- 
tern states, yet in New York it exists in a distinct mass, at least 
seventy-five feet thick. 

To the foregoing list of rocks it may be proper to state in 

this place, that in Wythe county, Va., and other parts of the 

southwest, slates and sandstone are important masses, as they 

are intercalated between the Trenton limestone and the Lorraine 

I shales. This rock is a soft, reddish sandstone, mottled with 
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green spots, but contains narrow calcareous bands from ten to 
eighteen inches thick, which are heavily loaded with fossils, 
which, as a whole, resemble the Lorraine shales. It is from 150 
to 200 feet thick, and near its junction with the Trenton lime- 
stone has beds of conglomerate. I deem it useful to notice 
even those rocks which appear unimportant, as masses^ when 
placed by the side of those which are several hundred feet thick. 
Those items of information which may be gathered from all 
points, and upon which the geologist makes up a full statement 
of geologic history, become important in filling up gaps and 
intervals both in time and space. 

In consequence of the interest which invests the study of the 
palseozoa and the rocks which contain them, their meteorolo- 
gical characters should not be neglected, as they usuaUy are, 
excepting in those points which are general, or which are recog- 
nized at a glance, the minor characteristics being regarded as 
useless in geological reasoning. It is, however, certainly better 
to examine, with a good degree of minuteness, the physical con- 
stitution of all the rocks of a group. It puts us in possession of 
data which may be employed in interpreting an important class 
of phenomena which have their influence upon the organisms 
which they contain, and moreover they throw light upon those 
meteorological conditions which prevailed during the time of 
their deposition. 

Rocks may be examined and studied, first: as to their composi- 
tion and the variation which at distant points change with the 
circumstances under which they were deposited; and secondly, 
the physical and chemical changes which they have undergone 
since they were consolidated; and thirdly, as the repositories of 
the metals which belong to the period of their formation as 
fossiliferous masses, which contain the most valuable memorials 
of change and progress which the crust of the earth has been 
undergoing in past ages. 
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INDIVIDUAL AND SPECIAL CHARACTERISTICS OF THE LOWER 

SILURIAN ROCKS. 

§ 5* Potsdam sandstone. — ^Formation No. 1, ot Prof. Rodgers. — 
Considered as the base of this system, it is suggestive of many 
inquiries with respect to the period which it represents at its 
beginning. Its composition is uniformly silicious, but in tex- 
ture and color it is variable. At Potsdam it is a firm and even 
bedded, even grained, yellowish brown sandstone. In other 
places in New York, as at Mooers and Moira on the Provin- 
cial line, it is equally even grained and even bedded, but is 
white and friable, especially at Mooers. At Chazy it is a deep 
red rock, and contains many particles of undecomposed magnetic 
iron, and at Whitehall, Keeseville, Corinth and Hammond it is 
white or brownish white, but is more or less vitreous. At 
Burlington and Charlotte, Yt., it is a jointed chocolate colored 
jQagging stone; in other places in the valley of Champlain and 
Hudson river, it is a brown and rough bedded mass and quite 
thin. In Canada east, at the Falls of Montmprenci, it is a 
coarse sandstone loose in texture, and stained with carbonate of 
copper. It here reposes on gneiss and is not more than ten 
feet thick. 

In Iowa and Wisconsin it is a light colored, soft sandstone, 
intercalated with argillaceous, and argillo-calcareous deposits. 
It is therefore variable in its' coherence* 

In Yirginia, and the southwest part of the union it is also a 
light colored sandstone with an open texture, rarely vitreous, 
but its upper beds alternate with calcareous layers of consi- 
derable thickness, as at the head waters of the Holstein and 
Clinch rivers. 

At many places its inferior beds are pebbly and very coarse, 
but they are by no means always present, and the gneiss on 
which it reposes seems to be changed gradually and impercep- 
tibly into a fine sandstone with thin beds of mica between the 
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strata, as at Corinth and Whitehall. The Potsdam sandstone, 
althoucjh in northern New York it is 400 feet thick, is sometimes 
absent, as at Little falls, where the calciferous sandstone reposes 
upon the primary rocks. It often thins out rapidly as at White- 
hall and Comstock's landing, where in two or three miles, and 
even less, a mass two or three hundred feet thick gives place to 
the next rock above. 

In the interior of the region lying between Lake Michigan 
and the Mississippi river, the Potsdam sandstone crops out from 
beneath the calciferous sandstone. It would be traversed ob- 
liquely in crossing from Green bay to Prairie du Chiea On 
both sides of the Mississippi and the lake, it is overlaid by the 
succeeding rocks, though upon the Mississippi and St. Croix, 
the latter is cut through by numercus streams down to the 
sandstone; the Potsdam sandstone of Wisconsin and St. Croix 
is about 500 feet thick; the upper mass is a white friable sand- 
stone. It covers a large area, but its extent has not been 
determined, in consequence of a deep covering of drift towards 
the southern shore of Lake Superior. This great mass of sand- 
stone is fossil iferous. It is so even near its base; Dr. Owen hav- 
ing discovered five or six beds or strata containing trilobites, lin- 
gulas, obolus, and crinoids, and bivalves belonging to the family 
of the Orthidae. This mass of sandstone is probably nearly con- 
tinuous with that upon the north shores of Lake Huron, where 
it rests unconformably upon the Taconic system; and where, 
too, the latter system is the repository of copper, and is tra- 
versed by traps and porphyries, as in North Carolina. 

I have already alluded to the position of the Potsdam sand- 
stone, in the southwestern part of Virginia, and at certain 
intermediate points; and from what has been said it will be 
inferred that it does not immediately flank the Blue ridge on the 
west, but occupies a position, even in the latter state, many miles 
from the base of this range; thus in the great valley west of the 
Blue ridge, it is some twelve or fifteen miles from its base. In 
Augusta county, about one, or one and a half miles west of 
Staunton, the Potsdam sandstone crops out from beneath the 

17 
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overlying calciferous sandstone, and in going west to the Buffalo 
gap, the series is lower Silurian, and is repeated twice or three 
times, the Potsdam being brought to the surface in each repeti- 
tion. The Trenton limestone, fully identified by its fossils, 
crops out for the last time nine miles west of Staunton and one 
mile east of the Buffalo gap. This rock is reddish white and 
reddish brown, and usually alternates once or twice with the cal- 
ciferous, or rather, beds of a silicious limestone occur, interstrati- 
fied with beds of sandstone. One of the places where the 
Potsdam will be found west of Staunton, is at the western slope 
of a ridge, just beyond West View, about six miles west of 
Staunton. , 

This rock throughout this region, both to the northeast and 
southwest is not a vitrified quartz, but a sandstone more or less 
granular and sometimes pebbly. So also in Wythe county, Va., 
the Potsdam sandstone crops out near the base of Little Brushy 
mountain, some six or eight miles west of Iron mountain whose 
rocks belong to the Taconic system. Here, then, it is still 
farther removed to the west of the Blue ridge. But it should 
be distinctly stated that this rock appears at the base of the 
Walker and Garden mountains in its true geological relations. 
I am, however, unacquainted with it farther west and south- 
west than Jeffersonville, Tazewell county, on the head waters 
of the Clinch river. 

From the foregoing statement of facts, it will be perceived 
that we are not to look for the base of the Silurian system upon 
the flanks of the Blue ridge, or at its base; it no where, I 
believe, touches this range; and even the South mountain, where 
it comes up into Pennsylvania, has no connection with the 
Silurian base. I have already shown that, at Harper's ferry, the 
quartz rock is not Silurian, but belongs to the Taconic system. 

I have alluded to the Trenton limestone, one mile east of the 
Buffalo gap of the North mountain. The Potsdam is not 
brought up to view between the Trenton and this broken range 
near the road, but it may probably be found not far from this 
place northeast or southwest. The lower Silurian, consisting 
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of the Trenton 'and the inferior members seem to overlie the 
Clinton group, a group which constitute the North mountain at 
the gap, and I mention this for the purpose of saying that the 
lower Silurian holds here the same relation to the superior rocks, 
that the Taconic rocks do at the Queen's Knob, in Wythe 
county; and also along the range of Little Brushy mountain. 

The position of the Potsdam sandstone in its southwestern 
prolongation may be very accurately fixed by conceiving it 
to lip near the eastern flank of Little Brushy, in Wythe 
county, and North mountain, in Augusta county, Va. It will 
occupy the western side of the great limestone valley of 
Virginia, following the westward deflection of the AppalJachians 
as they approach the state of Tennessee. But the range of the 
Potsdam is its most easterly one. It appears still farther west, 
as I have stated, at Jeffersonville, in Tazewell county, and 
hence, it will probably be found in all the great valleys at the 
base of the mountains which traverse Virginia. It holds also 
the same relations in Tennessee, and will be found by tracing 
from Virginia its lines of outcrop in the direction of the strike 
of the lower Silurian. It is everywhere a sandstone, that is, 
it is not vitrified, but more or less porous and is also more or less 
interstratified with calcareous beds in its upper part. 

§6. PcUaozoa of the Potsdam sandstone. — The Potsdam 
sandstone had been examined with considerable interest, at 
several places which appeared favorable for the preservation 
of fossils, without success. The writer, however, succeeded in 
finding lingulas in the first instance, at Birmingham, in Essex 
county. They occur in the rock which forms a mural preci- 
pice on the Ausable, at a place known as the High Bridge. The 
rock is scarcely disturbed, the sandstone itself is somewhat 
vitreous and thin bedded, and between the beds a thin slaty 
matter intervenes, upon which the lingulas are found. The 
dark slaty matter is just sufficient to give a dark stripe to the 
layer. These fossils are distributed through a thickness of 
seventy feet. Since this discovery many other fossils have 
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been found; indeed they have become so numerous that it may 
be regarded as rather rich in organic remains. Near its junc- 
tion with the next rock marine plants are quite abundant. 
Trilobites, crinoids, Orthidae, etc., are among the fossils of this 
rock; thus, the base of the Silurian system has proved to be 
fossiliferous at the lowest beds. It is particularly so where car- 
bonate of lime enters even in a small quantity into its composi- 
tion. The fossils will be described in another part of the work. 

From what has been said, it will be perceived that.it is 
widely distributed; that it is quite uniform in its composition. 
In northern New York it is harder and more vitreous than at the 
west and southwest. 

§ 7. Economical uses of the Potsdam sandstone, — The typical 
form of the rock occurs at Potsdam, where it is very even bedded, 
breaking w ith facility into pieces of almost any size, even of the 
size of a brick. At Moira and Malone, N. Y., it is also even bed- 
ded and suitable for flags and for building. Houses virhich are 
constructed of this rock look remarkably neat and finished. It has 
an advantage over the compact limestones, that moisture is not 
condensed upon the inner surface of the walls. The rock is also 
suitable for glass making at many localities. A white, friable 
variety suitable for this purpose is found at Moira, in Clinton 
county, N. Y. 

The fine grained varieties usually stand the fire remarkably 
well, and hence have been rather largely employed for the 
hearths of furnaces. 

§ 8. Calciferous sandstones, — Formation No. 2, of Messrs. Ro- 
gers' Geo. Rep. — This rock has a variable composition. The name 
was first applied by Mr. Eaton to a rock consisting of carbonate 
of lime and fine grains of sand so intimately blended that it ap- 
peared homogeneous. This is a gray rock, and the grains of 
limestone give a sparkling surface. It always contains small 
masses of calcite, or calc spar, intimately blended in the mass. 
Subsequent examination has proved that this rock passed into a 
pure carbonate of lime, sometimes gray, and at other times 
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black. In many places it contains beds of magnesian limestone 
and a small quantity of iron. 

There are, therefore, when composition is regarded, three 
varieties; the silicious, the magnesian and the pure carbonate 
of lime. Of course there are intermediate grades of compo- 
sition. 

Leaving out of view its composition and turning to its struc- 
ture, it is proved to pass from compact to granular; the granular 
becomes porous, and frequently this variety has cavities which 
are lined with crystals of quartz and calcareous spar. 

Instead, however, of a cavity lined with numerous points 
of crystals, a single perfect crystal of limpid quartz will be 
found nearly filling the space. These cavities also contain 
a solid coal-like substance, in the form of globules and drops. 
The composition of this substance has never been determined 
by analysis. It exfoliates in fine particles in the flame of a 
candle, leaving a smooth, conchoidal surface; but it neither 
burns nor exhales a bituminous odor. The substance is some- 
times contained in the quartz crystals and in the calc spar also; 
the quartz is also sometimes in globules. The structure of the 
rock is often oolitic; the rounded grains are usually the size of 
mustard seed, but sometimes again they are six or eight inches 
in diameter, when the structure is regarded rather as concre- 
tionary than oolitic. Strata, sometimes six or eight thick, are 
concretionary, forming alternating beds with those of the ordinary 
kind. The quartz, however, is not always in grains or in crystals, 
but is more commonly cherty and frequently very abundant in the 
lower beds. This rock, as it usually occurs, is dull and would 
not admit of a polish. The dullness is due to the presence of a 
yellowish earthy sediment between the strata. It is a tough 
rock, especially when thick bedded, or when it passes into the 
Potsdam sandstone. 

At Chazy the following strata occur in a series of beds, be- 
ginning with the lowest: 

1. Silico-calcareousbeds more or less interspersed with sparry 



134 AMERICAN GEOLOGY. 

masses, thirty to thirty-five feet; fossils rare and more or less 
cherty, 

2. Crinoidal mass composed almost entirely of disjointed and 
broken columns of encrinites in which plates of the cistidea 
may be recognized, twenty feet 

3. A dull, gray, earthy mass, ten feet, without fossils, and 
passing into oolitic beds. 

4. Another crinoidal mass similar to the first, though its 
color is of a brighter red, 15 feet. 

5. A mass more earthy and silicious, and more massive; it 
contains the Isotelus aud Illaenus, twenty feet 

6. Mineral character similar to the foregoing; the fossils are 
mostly Orthida^, of which individuals two or three species are 
very numerous. 

7. Red crinoidal mass, with less earthy matter, and is sus- 
ceptible of a fine polish; fifteen feet thick. 

8. Drab colored, thin bedded, magnesian beds, suitable for 
hydraulic lime. The drab colored layers rarely contain fossils; 
at Glenn's falls, however, they contain fucoids. Towards the 
top of the rock it is blue and frequently cherty and oolitic with 
concretionary beds. These upper masses are variable in thick- 
ness at different places, but usually they are from 20 to 30 
feet thick. 

In the state of Wisconsin, the calciferous sandstone is well 
developed, according to Dr. Owens's report Upon the Missis- 
sippi and other western rivers, it is the rock which gives cha- 
racter to the landscapes. It rises in castellated terraces, which 
look like ruined structures of by gone ages. It rises up in steep 
mural precipices from the water's edge or from a fine slope of 
luxuriant sward, clothed with grass and showy flowers. 

These steep escapements are composed of jointed columns, 
which stand out from the main mass in strong relief, a structure 
which is due in the main to the wear of atmospheric agencies, 
and not unfrequently to the direct undermining effects of water. 

This rock, in Wisconsin, is surmounted by a white sandstone. 
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which has received the local name of St Peter's sandstone. It 
differs from the same rock at the southwest only in being thicker 
and exposed more prominently to view. It is superimposed upon 
the inferior beds; it stands prominently out in the mural escape- 
ments of the St. Peter's river. It is not proposed to separate it 
from the calciferous. It merely forms one of its prominent 
subdivisions, and is noted as No. C, of the calciferous sandstone, 
of which it is regarded as the terminal member. 

In the southwest, or in Virginia, Tennessee and Kentucky, the 
calciferous sandstone at Shannon's scarcely differs from that of 
northern NewYork. At the western foot of Walker's mountain 
the calciferous includes a sandstone which comes in near the top 
of the series, and is analagous to the St. Peter's sandstones of 
the northwest. 

Chemical Composition of the Rock. 

§ 9. Dr. Owen gives the following result derived from Mr. 
Norwood's analysis of this rock. It is the magnesian variety, 
as the analysis shows: 

« 

1. From Lake Pepin. 2, Oolitic, from Winnebago. 

Carbonate of Lime, 52-0 50-93 

Carb'te of Magnesia, 42*2 41-13 
Insoluble Earthy Matter, 4*3 

Oxide of Iron an^Alumina, 0*9 1-74 

Water and loss, 0-6 086 

1000 100-00 

The average thickness of the calciferous sandstone is about 
300 feet in New York. 

At the mouths of Vermilion and Wisconsin rivers, Dr. Owen 
states its thickness at 225 feet, and the St. Peter's sandstone at 
from forty to ninety feet. 

There is a peculiar variety of the foregoing rock, which, 
although it comes under the concretionary kinds, yet requires a 
few additional remarks in order to convey a correct idea of its 
condition. It is a lumpy, concretionary mass,sim\l^t lo ^\i\^e.- 
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cia; indeed the lumps are frequently so much angulated that it 
may be mistaken for the latter rock. Still, it must be regarded 
as concretionary, as its most common condition is that of a 
concretionary mass. It occupies a place near the bottom of the 
series. 

The only real breccia or brecciated conglomerate which has 
fallen under my notice is upon the Montmorenci, in Canada 
East, where these beds are made up in part of boulders. 

The concretionary kind which I have described occur at 
Greenbush Cantonement hill, one mile east of Troy, the gorge 
at Highgate, Vt., and at other places on the east side of Lake 
Champlain. 

§ 10. Distribution of the calciferous sandstone, — The calci- 
ferous sandstone is more persistent than the Potsdam sandstope, 
hence, it is the base of the Silurian system when the latter is 
absent. It surrounds the irregular dome of primary rocks, 
which form the northern highlands of New York, overlying the 
sandstone. It is better represented at Cbazy than at any other 
place situated upon the flanks of this dome. At Middle ville, in 
the Mohawk valley, it contains fine limpid quartz in its cavities 
together with calcareous spar and globular unbituminized coal, 
both in the cavities and in the interior of the quartz and spar. 
They also contain brown spar. 

The concretionary variety is found at Little Falls near the 
top of the cliff of this rock, where it rests in gneiss. On both 
sides of the St. Lawrence it follows the quartz or Potsdam 
sandstone, and may be traced from Kingston to Lake Huron; it 
disappears under the waters of Georgian bay. 

On the west side of Green bay. Lake Michigan, it crops out 
from beneath the Trenton limestone or its equivalent, and ap« 
pears in a long narrow belt running down to Jamesville on the 
Rock river, where the belt runs westward to Prarie du Chien, 
and finally it passes up both sides of the Mississippi; near to 
Fort Snelling, it inclines again to the right and left, the right fork 
going up the St. Croix, the other follows the St. Peter's south- 
westward io the forks, near the Marrah Saukah lake. It has 
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been traced upon the routes of these large rivers. On the Mis- 
sissippi it is denuded on both sides, exposing to view the lower 
sandstone. This rock accompanies the Potsdam sandstone south- 
west; passing through Orange county, N. Y., into New Jersey, 
Pennsylvania, Virginia, Tennessee, keeping company with the 
sandstone beneath. I have stated that the Potsdam sandstone does 
not flank the Blue ridge, but follows the middle or the western 
side of the great southwestern valley, passing west of Winches- 
ter, one mile west of Staunton and about 2 miles west of Wythe- 
ville, at the base of Brushy mountain, and the western base of 
Walker's mountain. The calciferous pursues the same route 
and following the same valley it passes into Tennessee, but I am 
unable to say whether it may be traced entirely across the 
latter state into Alabama. 

§ 11. Mineral contents of the rock, — This rock is not regarded 
as rich in metals. Dr. Owen however reports localities where 
lead ore (galena) has been found. Thus, on the west side 
of the Mississippi, fifteen miles above the mouth of Turkey 
river, large quantities of galena were taken from openings 
in this rock. Numerous localities have been observed where 
this ore has been found in the northwest. A few seams of cop- 
per have also been discovered by the government surveyors, but 
nothing which promises much up to the present time. Sul- 
phuret of iron and blende in small lumps occur in the rock in 
New York, but it is unknown as a metalliferous rock; in the 
southwest it is equally barren. 

Its Palaozod, — This rock is rich in fossils, and contains many 

at certain localities. At Chazy, particularly, most of the strata 

are rich in organic remains. Marine plants, corals, brachiopods, 

gasteropods and crustaceans are abundant in this mass at Chazy. 

No less than three beds of lingulas, neither of which is less than 

ten feet thick, occur in this ancient formation. Silurian forms 

and types had already become numerous, and though it can not 

be said that the species were numerous, yet individuals of 

species were remarkably so. Strata are frequently made up of 

organic remains, among which we find only a few s^ec\e'&\ \!tL<& 

18 
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simple plaited orlhidae are the most conmion in the fossiliferous 

beds. 

§ 12. Chazy limestone. — In New York where this rock is 
clearly developed, it is a dark colored, irregular, thick-bedded 
limestone. At Chazy it is a rough, cherty mass; the fossils are 
imbedded in a flinty matrix. At Essex, on Lake Champlain, this 
rock is a thick bedded limestone, and contains less foreign earthy 
matter than the rock just described. This rock is not the one 
known as the Black river limestone, though it has been referred 
to as such^ it is a distinct rock, one which the writer was the 
first to recognize by its peculiar fossils as well as by its position. 
In southwestern Virginia and in Tennessee it occupies the same 
position and contains the same fossils as at Chazy and Essex. 
Its thickness is 130 feet. The most prominent fossil is the 
StraparoUus (Maclurea magna) of Le Su^ur, p/. 4, ^g*. 15. It 
seems to be absent in Wisconsin and Iowa. 

§ 13. Birdseye limestone. — This limestone is close grained and 
frequently compact like flint; it is brittle, and breaks with a 
conchoidal fracture. It is black, dove-colored, taking some- 
times a yellowish tinge. The rock always has a compact 
structure, in which it is unlike the other limestones of the 
group. 

§ 14. Distribution. — It accompanies the lower Silurian lime- 
stones in northern New York and Canada. It exists in the 
Champlain and Mohawk and Black river valleys. In the Mo- 
hawk valley, at a few places, it is only one or two feet thick. 
In Canada, it is a beautiful, light colored, compact rock, suf- 
ficiently light colored and fine grained to be employed for litho- 
graphic purposes. It is associated in the southwest with the 
preceding rocks. Its fossils are not numerous; the most com- 
mon one is the Fucoides demissus of Conrad, pi. 4,^g-. 12, 13. 

Isle La Mott marble. — Is a thin, black, fine grained rock; it is 
a pure limestone, free from foreign matter. It will receive a 
fine polish, and in consequence of its fine grain and color, is 
highly esteemed as a marble. At Isle La Mott it is thicker 
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than at Watertown, but its greatest thickness does not exceed 
twelve or fourteen feet. It merits a passing notice on account 
of its value as a marble. It contains a few obscure and rather 
broken fossils, which injure it for marble, as they make white 
spots. It is unknown in the north or southwest. Its fossils are 
similar to the Birdseye, or those below it, rather than those of 
the Trenton limestone which succeeds it. 

§ 15. Trenton limestone. — ^This rock in northern New York 
and Canada is black and fine grained, or else it is a grey subcrys- 
talline limestone. It is massive, or in thick beds, as at Trenton; 
in other places it is rather thin bedded and alternates with 
black slate as at Chazy. The upper part is shaly, and passes 
into the Utica slate. It is therefore not uniform in iis compo- 
sition and in the formation of its constituent strata. This lime- 
stone is often bituminous. In the quarries of Montreal its sur- 
faces are adhesive from bitumen This rock, is impure, from 
the presence of shale or agillaceous matter, while the calciferous 
sandstone is impure from the presence of silex. This rock is 
white in southwestern Virginia. 

§ 16. Distribvtion. — It is the most persistent of all the lower 
Silurian rocks except the calciferous sandstone. It is prevalent 
in northern New York and Canada, the valleys of the St. Law- 
rence, Champlain and Mohawk. * In the northwest, in Wiscon- 
sin and Iowa, it is described by Dr. Owen as the shell limestone, 
but seems to be less important than the calciferous sandstone. 
It is also present in Pennsylvania, Virginia and Tennessee. In 
southwestern Virginia it is a white crystalline rock, though 
loaded with organic remains. Its average thickness is about 
400 feet. 

§ 17. Its Palieozoa. — Is its highest claim to notoriety. We 
have no rock so rich in fossils as the Trenton limestone. It 
contains gasteropods, brachiopods, lamellibranchiates, crinoids, 
and five or six species of Crustacea as the Isotelus gigas, 
Calymene senaria, &c. 

§ 18 • Utica slate. — ^The Trenton limestone passes into this rock 
by becoming more slaty or sbaly and losing its ca\caxeo\is\»i^ 
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It is itself a calcareous shale, more or less bituminous. In New 
York the dividing lines between the limestones below and the 
Loraine shales above, are not distinct. In the western states it 
is merged in the blue limestone. In the southwest it is not 
recognizable. The culcareous shales in the gorges of Loraine, 
Jefferson county, in which there are neither limestone nor sand- 
stone beds, are about seventy-five feet thick. 

§ 19. Loraine shales terminating in a thick bedded gray ^s&nd" 
^^one.-^The rock succeeding the Utica slate passes from the 
latter into the former by its beds of sandy shale and thin bed- 
ed sandstone. The argillaceous matter loses its lime also, and 
in passing upwards changes affecting its palaeontology are very 
soon perceived. These shales consist, in the inferior parts 
at least, of thin alternating beds of gray sandstone and slate; 
the sandstone becoming thicker at the superior part, the shale 
diminishing, the rock finally passes into a gray even bedded 
sandstone. The typical rock is displayed in the gorges of Lo- 
raine and Rodman, and not upon the Hudson river. In the latter 
region the rock is crushed, and is by no means in a condition 
suitable to give character to a group, hence it should be referred 
to only as a modified condition of the Loraine shales. 

§ 20. Distribution of the Loraine shales and sandstones. — In 
Jefferson and Oneida counties, in New York, St. John's and its 
neighborhood Canada East, are the most important points at the 
north where this group is developed. 

On the Mohawk, at Cohoes, the shales and sandstones in a 
crushed condition, are tolerably well exposed. They may be 
traced to Schenectady and Saratoga, where they lie in a hori- 
zontal position. At the west near Cincinnati, this group is 
calcareous throughout, and is called the blue limestone. In 
Virginia, in Wythe county, the group consists, first, of a mottled 
sandstone, pebbly at the bottom and becoming marly at the top, 
and contains fossiliferous bands which identify it in part with 
the Loraine shales. Above this reddish mottled sandstone were 
found beds of calcareous shales and thin bedded limestone, and 
above, still, olive green sandstones and marls, with Pterinea 
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carinata of Conrad. This group, therefore, differs physically here 
from the western group near Cincinoati, and the same group in 
New York and Canada. The fossils, however, are the same, with 
the exception that among those which occur west and north, 
there are a few species confined to the south. The palteontologj 
is, however, almost identical. The rock, equivalent to the Oneida 
conglomerate is not universalat the south, neither are the upper 
beds »o cooatantly tbidc bedded as in Jefferson and Oneida 
counties. 
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THE PAUEOZOA OF THE LOWER SILURIAN SYSTEM. 

^21. The lower Silurian rocks of this country form one palaeo- 
zoic group. The distribution of the palaeozoa is such that no 
subdivision between any of the members would secure on either 
side a good natural history group. We have> it is true, been in 
the habit of speaking of the calciferous and^Hudson river groups, 
but the use of the term has arisen from a restriction of a few 
species of fossils to those beds, which, when coupled with certain 
lithological peculiarities of the rocks themselves, led to this mode 
of grouping. If a general subdivision was necessary, the lower 
Silurian might be grouped under three heads, as has been vir- 
tually proposed by Prof. Rodgers; thus the Potsdam sandstone 
forms the first mass designated No. 1, the limestones by No. 2, an^ 
the upper rocks consisting of shales and sandstones equivalent 
to the Loraine shales and sandstones of New York, by No. 3. 
This division is applicable to New York, Pennsylvania and Vir- 
ginia, but in the west the calcareous matter is continued into 
the upper group or No. 3. The second and third divisions, 
therefore, are not clearly separated, and as the Potsdam sand- 
stone often passes into the calciferous sandstone, we find the 
distinctive lines between the three divisions nearly obliterated. 
The lower Silurian is one group only, because the palseozoa are 
restricted to its limits. This fact I pointed out many years ago, 
and was led to designate it the Champlain group, and subse- 
quent researches have served to confirm this view. The dis- 
covery of a few dilapidated and imperfect specimens of fossils 
belonging to this division in the upper part of the Medina sand- 
stone, does not afifect the generalization. The occurrence of the 
Exogyra costata in the Miocene of North Carolina does not 
prove that it lived in the Miocene period, so neither does the 
discovery of a few weathered Champlain fossils in the Medina 
sandstone prove that they lived in that period. 
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The order which I propose to follow in describing the fossils 
of the group will accord with the modern systematic arrange- 
ments which have been generally adopted by zoologists. The 
student will find many advantages resulting from a classification 
which embraces both the living and extinct species, as he will 
thereby aid his conceptions of the latter by means of the 
former. 



MOLUSCA. 

§22. As the name indicates, are animals whose bodies are soft 
or a peculiar fleshy substance, as in the well known animals the 
clam, oyster and snail. They have no hard or bony skeleton, 
but are usually provided with external hard parts called the 
shell, which is a secretion from the skin, consisting mostly of 
carbonate of lime. Their nervous system is distinct, but contains 
but a small amount of medullary matter. They have also a cir-' 
culation and all the organs of sense. The place assigned them 
in the rank of beings is between the articulata, as the spiders, 
crabs, &c., and the radiata, or the corals. This subkingdom is 
divided into five classes: Cephalopoda, Gasteropoda, Acephala, 
TuNicATA and Bryozoa. These classes are subdivided into two 
sections; the first embraces the more perfect Molusca, all of 
which have a nervous gangliated cord surrounding the oesopha- 
gus; they have also the sexual organs of the higher animals, 
and are never aggregated or produced in family groups. The 
lower division, on the contrary, and which is called molus- 
coideSf has only a rudimentary nervous system, no distinct 
ganglia, and are reproduced by buds as well as from eggs, and 
they are also small and live in families in a mode similar to the 
corals, to which they have a strong resemblance. They em- 
brace the two last classes mentioned in the foregoing classi- 
fication. 
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]. CsPHALCffODA. 

Animals, some o( vkich are destitute of an external or an 
iaternal shell, others are piovided with as iitenial sfaell only, 
and others still with aa external chambered one; head distinct 
and provided with eyes; instruments of locoiDOtion and pre- 
hension numerous, and arranged al^ut the head, and which are 
armed with suckers or hooks. The cuttle fish,nautilus and spirula 
are examples of Molusca belonging to this order. All the known 
living species, together with many extinct ones, were provided 
with a dark colored secretion stored up in a sack, the contents 
of which can be emitted at will, which discolors the water and 
thereby favors their escape when pursued by theii foes. The 
external shell may have one or more chambers; the former are 
called monothalamacea; the \a.iXsx,'polytkalamacea. The trans- 
verse partitions nf the chambers are called ie^a, and the septa 
are perforated by a tube called a siphon or nphuncle^ which 
may be continuous or interrupted. 

Those of the class which are provided with external shells 
may be divided as follows: 1. Those whose sheUs are rolled 
up so as to form a circular disk; 3. Those whose shells are 
merely curved, or arcuate; 3. Those whose shells are straight. 
' Before I proceed to describe the fossils belonging to the 
foregoing divisions^ it will be useful to the student to illustrate 
by figures the forms of the septa and position of the siphon, as 
both furnish important distinctive characters. Thus, septa are 
Fig. 23. 








simple as in the Nautilus, fig. 26, A, undulated as in certain 
kinds of Ammonites, as in B, arboresecent as in C, and augu- 
lated as in the Goniatites, fig. 37, A, B. 



The siphon is central as in £ 
Eubcentral, ventral or dorsal. 
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. 26, A, or in other genera it is 




The measurement of symmetrical conical univalves is shown 
In fig. 28. The width is measured across the aperture, the length 
in the direction of / /, and d d. The figure explains suf- 
ficiently the other measurements. 




POLTTHALAMACEA. 

Synopsis of the order. 

I. Shell discoidal. Lituites. Trocholites Hortholus. 

II. Shell arcuatej Cyrtoceras, Oncoceras. 
. III. Shell straight; Orthoceras, Gonioceraa Actiooceras Glom- 

phoceras Endoceras, Cameroceras, Melia. 
19 



J 



146 AHEBICUI OSOLOOT. 

D. Discmdal, septa simple. 
Genus, Lituitbs. 
Shell discoidal; rolutions coiitiguous; siphon central. 

li. umiATUs, pi. b,j^. 14, 14, a. 
Inachus undatus {^Conrad'). 
Shell rolled up with its convolutioDs equally depressed on 
either side; the outside as well as the inside of the volution flat- 
tened; surface marked b; strong oblique ridges between which 
it is finely striated; striie upon the back form an imperfect 
arch. It occurs in the Black river limestone, 

HoBTHoLns (JUbn//bri). 
Convolutions disjointed or somewhat distant in the young 
shell, and become more so after two or three volutions, becoming 
in the end nearly straight towards the aperture. 

H. JtBlEBICANDS. 

Lituites convolvam {Hall). 
Volutions, two or three, scarcely contiguous; surface smooth, 
section circular, septa plane or moderately convex; direction 
oblique from the inner side of the volution outward and upward 
{^Hall); position of the siphon undetermined. Occurs in the 
Black river limestone at Watertown. 

Trocholites. 
Volutions nearly in the same plane, ventral disk more concave 
than the dorsal; ventral surface flattened and even slightly con- 
cave; transverse section obtusely luoate; siphon small, ventral. 

"^ ^LfTHTWTl ^' *«"0''"'s (Conrad), pi. 12,Jig. 14 c, 15. 

Volutions about four; enlargement grad- 
ual; surface ornamented by oblique ridges, 
which form a distinct arch upon the back, 
and marked by iine waving interrupted striae, 
and very obsucre longitudinal ridge; aper- 
ture suddenly enlarged as in fig. 29 

Trenton limestone and Utica slate 




MOLUSCA. 
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T. PLANOBiFORMis {CoTirad). 

The shell is rather larger than in the preceding section; more 
elliptical; mouth lunate; transverse ridges form a curve rather 
than a distinct arch; surface longitudinally striated. Loraine 
shales. 

B. Shell arcuate, sepia simple. 

C\RTOCERAS {Gold). 

Shell moderately curved; section circular; siphon dorsal. 

C. Mabginalis {Conrad). 

C. Macrostomum, Jig. 30 {Hall). 

Fig. 30. Shell moderately curved, enlarging rapidly 

towards its aperture: septa numerous; it has 
twelve to thirteen septa in an inch towards 
its small extremity. Belongs to the Trenton 
limestone. 

C. ANNULATUS {Holl). 

It has a central siphon, and hence should 
probably he placed in another genus. 

C. LAMELLOSUM {Hall). 

Shell gently curved; surface ornamented 
with sharp undulating lines, which are 
arched downwards towards the apcol ex- 
tremity. Trenton limestone. 

C. CONSTBICTOSTRIATUM {Hall). 

Shell nearly straight; surface ornamented hy fine transverse 
striae. 

C. MULTICAMERATUM (ila//). 

Septa close and numerous, and curved at the apex; septa 
about thirty in an inch. 

C. ARCUATUM {Hall). 

Shell gently curved, and tapering slowly towards the apex; 
septa about twelve or thirteen in an inch. 
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C. CAMURUM {Hall). 

Curve greater than in the preceding species; septa about nine 
to the inch. The three last are not marked by striae. They all 
belong to the Trenton period. 

Qncocebas {Hall). 
Shell arcuate, swollen near the middle, siphon small dor- 
sal; septa nearly flat. 

O. CONSTRICTUM, jd. 12^ fig. 2. 

Shell short; constricted near the mouth, and rapidly contract- 
ing towards the smaller extremity. It is always imperfect at 
the smaller extremity, being apparently truncated. Trenton 
limestone. 

C. Shell straight. 

Orthocerata. 

Synopsis of the straight Cephalopoda. 

I. Shell regularly tapering; siphon small, central or subcen- 
tral; section circular. Orthoceras. 

II. Shell subconical, siphon ventral; section circular; siphon 
with interseptal swellings. Actinoceras. 

III. Shell subfusiform; siphon eccentric. Gomphoceras. 

IV. More than one subconical body enclosed in the shell; 
siphon large, ventral. Endoceras. 

V. Siphon large, lateral and spiral; section elliptical. Ca- 
me roceras. 

VI. Siphon large; septa waving; section an elongated ellipse. 
Gonioceras. 

VII. Siphon large, ventral, and without interseptal swellings; 
section subcircular. Melia. 

I. Orthoceras. 

Shell straight; tapering; having its siphon central or sub- 
central; section circular. 

0. PRIMIGENIUS {Hall.) 

Shell gently tapering; septa thin and numerous; proximate, 
calciferous sandstone. 
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O. LAQUEATUM {Halt). 

Shell tapering slightly, and longitudinally fluted. Calciferous 
sandstone. 

0. RECTTANNULATUS {Hall). 

Shell tapering yery gradually, and marked by transverse 
ridges. Chazy limestone. 

0. SUBARCUATUS {Holl). 

Septa rather distant; slightly curved. Chazy limestone. 

O. BILINEATUS. 

Tapering very gradually; low or rather flat; septa rather 
distant; surface marked by coarse distant longitudinal striee. 
Calciferous sandstone, Greenbush. [See Palaeontology, N. Y., 
by James Hall, p. 35. ^Trenton limestone thrust up through the 
Hudson river slates." ! ! 

The fact in regard to the rock at Greenbush is, that the calci- 
ferous sandstone forms the greater portion of the calcareous mass. 
The upper part is the Trenton limestone consisting of thin beds 
of black limestone interlaminated with shale or slate, as at many 
localities in the Mohawk and Champlain valleys. In these beds 
of limestone we obtain the fossils of the Trenton limestone. 
Besides, it is quite difficult to conceive how one rock can be 
thrust through another without making a hole in it. If the 
specimen on pi. 7, fig. 4, is compared with those of pi. 43, fig. 
14 and 15 it will not fail to strike any one that either the figures 
are very badly drawn, or else the fossils are quite different. To 
admit the existence of the calciferous sandstone below the 
Trenton at this place, would be equivalent to the admission of 
the Taconic system. 

0. TERETIFORME {Holl). 

Shell marked by subspiral rounded close annulations; surface 
longitudinally striated; septa quite convex; siphuncle small. 
Trenton limestone. 

O. ARCUOLIRATUM {Udl\ pi. 12, fig, 4. 

Shell slender; ornamented with transversely sp\Ta\ ^i\d ^x^yiX^j 
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elevated undulating ridges; separated by spaces equal to their 
breadth; surface finely striated longitudinally. 

0. TEXTILE (Hall). 

Shell rather small slightly tapering evenly and finely 
striated longitudinally; undulations circular; proximate. 

O. CLATHRATUM (Holl). 

Small transverse ridges angular and finely striated and distant 
one half the diameter of the shell. Trenton limestone. Rare. 

0. ANELLUS {Conrad). 
Shell elongated; tapering very gradually; annulations angular; 
approximate and in width equaling one fourth the distance of 
the shell, which is ma,^ked by fine undulating longitudinal striae. 
Trenton limestone. Greenbush. 

0. UNDUI^OSTRIATUS {Holl). 

Annulations subangular; arched upon the back and direct 
upon the ventral side; back transversely striated; septa quite 
convex. 

0. ABIPLICAMERATUS {Holl). 

Shall rather large, long and tapering very gradually; siphun- 
cle eccentric; septa distant and very convex. 

O MULTICAMERATUS (flo//), pL 4, Jig. 8. 

Elongated terete, slender, smooth; septa numerous, and dis- 
tant from each other from one fourth to one half the diameter 
of the tube; siphon central. Birdseye limestone. 

0. STRIGATUS {Hall), 

Shell terete; surface marked by distinct and rather undulating 
longitudinal striae; septa quite convex, and distant about one 
fourth the diameter of the shell. 

II. AcTiNocERAS {Bronu), 

Orraoceras {Hall). 
Shell straight; subconical; siphon eccentric and swollen, 
or extended beyond the perforation by which it appears to be 
large. 
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A. T mniTu ni {Hall.) 

Shell gTHdually tapering, and the lai^r end marked by trans- 
Terse striae; siphon Tentral; septa rather distant; moderately 
convex, doable; the upper being deflected so as to enclose the 
swollen siphon. 1 have ofasenred that when the outer part 
of the shell was weathered it shows annolations of growth or 
striae. Distance between the septa about one-fourth the diam- 
eter of the shelL Common in Jefferson county, N. Y., in the 
Black river limestone, to which it seems to be confined. Wil- 
liams's College Museum. 

O. GRACILB. 

It is less conical, or mcMre cylindrical, than the foregoing. 

O. CBEBRISEPTUM. 

This shell tapers gradually; the distance between the septa 
half as great as in the tenuifilum. 

IIL GOMPHOCBRAS. 

Shell Tery large; straight; subfusiform. 

G. HALLO (d'Orfr.). 

Shell enlarged near the middle; contracting towards the aper- 
ture; septa approximate and rather flat; siphon large; eccentric 
Black river limestone. 

rV. Endoceras {Hall). 

Shell straight; siphon subcentral and large and contains two 
or more subconical bodies in the same tube. 

E. FROTEiFOBME, pi. 13 and 16, fig. 1 a, 3 a. 

Shell circular and very gradually tapering; surfaces marked 
with transverse and longitudinal fine striae; septa rather distant; 
inner shells subconical; finely striated; the striae often preserved 
upon casts; siphuncle large and subcentral. This species is 
common and frequently large. It is found in the Trenton lime- 
stone at Middleville and numerous other places in northern New 
York and Canada. 
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E. SDBCBNTBILB. 

Shell elongated, cylindrical, and marked by distant spiral 
ridges; septa distant} sipbuncle large; Eubceotral. Black river 
limestoae. Rare. 

£. LONOISStHUH. 

Cylindrical; extremelyelongated and tapering very gradually. 
Black river limestone. 

E. UOLTITUfiCLATVH. 

Contains many concentric tubes one within the other; tubes 
tbin, smooth. Black river limestone, Watertown. 

E. GEHELLIPABIOI. 

Large; tapering rather rapidly; septa moderately convex 
distant. 

E &NNULATUS {Hall). 
Shell large tapering very gradually; annulations wide flat- 
tened; distant one-fifth the diameter of the tube; aepta quite 
convex; siphon large. 

E. Arctiventrum, angvsticameraium, magniventrum, approxi' 
malum, ditplicalum and dislans {Hall). 

V. Cameroceras {Conrad). 

C. TRENTONENSB. 

Elongated; section elliptical; diameters as five to seFen} septa 
distant, and with low and oblique annulations: 
VI. GoNiocERis {Hall). 
G. BALUi {dOrb.). 
Fig. 31. 




Compressed sides expanded; divergence of the edgesSS"; sec^ 
tioi» are unequally flattened; ellipse; septa numerous, sinuoua 
and double; siphon subcentral, with interseptal swellings fig, 
30. Birdseye. 
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Vll. Melia. 
Siphon large; ventral; shell large; section elliptical. 

M. CANCEI.LATUS (d. s). 

Shells large; elongated; sides only si ightlyconvfigenl; siphon 
large; surface marked by longitudinal and tjansverse stiiie, 
giving it a pitted appearance. Loraine shales. 



GASTEROPODA. 
This class takes its name from the ciicu instance that the spe- 
cies it contains moves upon a large fleshy disk attached to the 
abdomen, which has been called a foot; the slug or snail 
represents this fact: In this class the bead is more distinct. It 
is provided with tentacles which are regarded as organs of 
touch, and upon which the eyes are sometimes mounted. The 
mouth is below them, with its jaws armed with teeth. Their 
respiratory organs are in part fitted to perform their functions 
when in the atmosphere or water. The sexes are separate, or 
as is sometimes the case, are united in 
one individual. Certain species belong 
to fresh, others to salt water, and some 
are destitute of an external shell. 
Their shells are mostly iinsymmetrical, 
being obliquely rolled into a spire, 
as fig. 32, of which / / is the length; 
I b b the breadth; a the mouth, and 
and 12 3 4 the volutions forming the 
spire. We have an illustration in the 
shell of several whorls or volutions 
which together form a rather elevated 
spire. 

The spire is often depressed or flat- 
tened, or does not riSe above the plane upon which the spire is 
rolled, thus fig. 33, the Euomphalus of Sowerby (StraparoJIus 
20 
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MonV.u.i). is a Jlatleneil spire. Shells of this fonu are saiit to 
be discoid. Id this case, ihe volutions are angular and termi- 
pale in an angular aiieiture, A. The depression in the middle 



Fig. 33. 




of the disk, is the umbilicus. These belong to the symmetrical 
kinds. Tliure are still olhcr forms of univalves which are 
symmetrical, where the spire is replaced by a nonspiral, subconi- 
cal elevation, with a wide open aperture, upon which the 
animal rests. Thus in the fig.* 34, the line a p divides it into 
Fig. 34. 




two equal parts; a, the anterior; p, the posterior extremity, 
The muscular impression terminates at m m, between which 
there is a space left for the head or anterior parts of the animal. 
Shells of this form are said to be patelliform. 
The class Gasteropoda embraces seven orders: 
First oilier, the Pulmobranchiuta — they respire in theatmo- 



* Sowerbj", Gonchologioal Manuel. 
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Fig, 35. 



Sphere; if provided with a shell, it is an oblique spiral. Tfaey 
inhabit the land and water, and are represented by 
the snail or Helices and Lymnacea. 

The second order conta'iDstbe Pectibranchiala. 
A part respire in the atmosphere, nnd ;i part 
respire jn the water by means of peciiMileii gills. 
Lozonema, fig. 35, Turbo, Macrochei!ii.'i and Sca- 
11 tes among the fossils belong to this oiv!< r. Their 
shells are rather thick. Of Ihe living iicsh uater 
shells the Paludinas are examples. Severn! ge- 
nera appear in the lower Silurian stage. 

The third order composes Ihe Saitiln-ani/iiata. 
The shells are conical, spiral or sub-spiral, and are 
often symmetrical; Helcion, Cyrtolites and Belle- 
rophon are among the fossils which belong to 
this order; fig. 36, is the Cirto- 
lites biloba. They appear in 
the lower Silurian stage. 

The fourth order comprises 
the Teclibratichiata. The shell | 
is unsym metrical. The Bulla ' 
and Umbrella are examples of shells belong- 
ing to the order. 

The sixth order contains the Pterojtoda. The shells are thin, 
fragile and remarkable for their uncommon forms; the Conularia 
is an example. The order contains only a small number of 
genera. The Conularia appears in the lower Silurian. 





Synopsis of the fossils belonging to the Pedibranckiala, 
which have been found in the lower Silurian: 

1. SbeW discoidal. Straparollus. 

2. Shell auriform; spire depressed. Stomatia. 

3. Shell turbinate; volutions ventricose. Turbo, 

4. Shell subturbinate; volutions angular. Scalites. 

5. ShelUum(edj- riUher elevated; aperture subquadrate; volw 
tions rounded; surface transversely striated. Plueratomarta. 
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6, Shell turrited; middle of the volution ornamented with a 
spiral hand; the middle of the mouth is notched. Murchinsonia. 



1. Discoidal. 

SrRAPAROLLUs {Montjort), 

Spire much depressed; umbilicus large and grooved^ and not 
crenulated. Aperture subquadrate. 

S. MAGNUS. 

PI. 4, Jig. 15. 
Maclurites magna {Lesuer). 

Maclurea magna (JV. Y. Geol. Rep.). 

Shell obtusely carinated on the upper edge; whorls rapidly 
increasing in size; aperture on the left, irregularly and hori- 
zontally depressed above; lips not deflected; surface transversely 
striated. — Le Sueur. 

Chazy limestone; it is confined to that horizon, yet widely dis 
tributed. New York, Canada, Virginia, Tennessee, Kentucky. 

S. SORDIDUS, pL 3, fig. 6. 

Maclurea sordida (^Hall). 

Spire scarcely elevated; containing about three volutions; 
surface smooth. It is usually about one inch in diameter. It is 
upon the weathered surface that they become known to us, and 
herein exhibit considerable diversity of form; found at Chazy 
in the calciferous sandstone. Bald Mountain and Hoosic Falls, 
and in the same rock also in Wythe county, Virginia* 

S. MATUTINA. 

Maclurea matutina {Hall)4 

It is usually a cast, but sometimes a distinctly striated shell, 
and is larger than the foregoing. 
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S. UNIANGULATUS ((TOrb). 

Enomphalus uniangulus {Hall), 
Upper and outer edge of the volution angular; rounded below; 
surface striated. 

S. LEVATUSp/. bifig. 1. 

Ophileta levata {Vanuxem). 

Volutions numerous; thin, and without an expanded mouth; 
angular below; surface smooth. Calciferous sandstone. 

S. COMPLANATUS, pi. 5, fig, 2. 

Ophileta complanata {Vanuxem). 

Volutions numerous; uniformly thin and slender, increasing in 
diameter. It belongs to the calciferous sandstone. 

S. LABiATUs {Emmons)^ pL ^^fig. 2. 

Outer volution rapidly widening below to a wide, angular 
aperture; surface smooth. Birdseye limestone, Chazy. 

S. ANOULATUS (n. S.) 

Shell discoid, smooth; upper surface of the outer volution 
nearly flat, excepting that it has a wide, shallow groove travers- 
ing it near the outer edge, forming, with the oblique inferior 
and outer face, a marginal ridge. Section of the outer volution, 
somewhat triangular. 

Diameter of the disc, one inch. Upper part of the calciferous 
sandstone at Chazy, N. Y. 

2, Shell auriform^ spire depressed* 

Stomatia, 
Suborbicular, oblong, auriform; spire drepressed; aperture 
wide, entire and oblique. 

S. AURIFORMIS (d'0r6.). 

Capulus auriformis {Hall). 

Spire scarcely elevated; whorls about three, the last wide 
and ventricose; aperture semilunar.— HizI/. Trenton limestone. 
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3. Turbinated. 
Turbo. 

T. BILIX. 

Pluentomaria bilix {Conrad). 

Volutions from four to five, larger one traversed by fourteen or 

. fifteen spiral ridges, intersected by numerous longitudinal but 

oblique striee; between the three or four first ridges there are 

one or two low, interrupted, parallel ones; apex acute; aperture 

triangular, subtransverse. 

Blue limestone, Cincinnati. 

T. OBLIQUUS. 

PL 6, Jig. 18; 18 a; 18 b; 8. 

Holopea obliquus {Hall). 

Height and breadth nearly equal; spire oblique, acute at the 
apex; volutions three or four, the last ventricose; aperture 
transverse, entire; surface smooth or finely striated. — Hall. 

T. SYMMETRICUS (d'Offc.). 

Holopea Symmetricus {Hall). 

Height rather greater than the breadth; apex acute; volutions 
four; aperture subrotund; surface longitudinally striated by 
unequal lines of growth. Trenton and blue limestone. 

T. VENTRICOSUS. 

PI. 6, Jig. 19, a, b. 

The volutions swollen, especially the last; heighth and breadth 
subequal; volutions three. 

T. AMERICANUS (d'Orft.). 

PL 6, Jig. 20. 

Holopea paludiniformis {Hall). 

Spire higher than wide; volutions four, rounded, full;, aper- 
ture, subangular, preserving an ovate form; casts smooth, in 
which condition it has been found. 
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4« Shell subturbinated; volutions angular, 

ScALiTES {Conrad). 

Raphistoma {Hall). 
Shell subturbinate; spire depressed; volutions angulated; 
aperture oval, with the upper and transverse margin straight. 

S. ANGULATUS, p/. 4, ^g. 21. 

Spire low; volutions four, and angulated; aperture rather 
narrow, triangular, and terminating before in a rather long, 
curved canal. Occurs in the calciferous sandstone at Chazy, 
Clinton county, N. Y. 

S. STRUTUs, pL 4, Jig, 30. 

Raphistoma striata {Hall). 

Discoidal; spire only slightly elevated; volutions four or five; 
outer margin angulated; surface coarsely and obliquely striated. 
Found in the calciferous sandstone, Chazy. 

S. PLANISTRU, pi. 4, Jig. 16, 17. 

Raphistoma planistria {Hall). 

Subturbinate^ spire formed of from three to five angular volu- 
tions; surface marked by distinct, longitudinal flat strise, and 
arched in the middle part of the whorls; aperture narrow, tri- 
gonal. Calciferous sandstone. 

S. STAMiNEUS {d^Orb.). 
Raphistoma staminea {Hall). 

Spire depressed; volution externally sharply angulated, and 
welted upon the margin; surface marked by curved striae above 
and below, separated by the sharp, welted edge. 

Calciferous sandstone. 

5. Shell turritedj rather elevated; aperture svbquadrate; volutions 

rounded; surface striated. 
Pleurotomaria. 
Turbinated, spiral; aperture subquadrate, with rounded an- 
gles; outer lip with a deep slit near its union with the spire. 
Sowerby. 
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P. LENTICC7LARIS {Conrad)y pL Gyfig. 13, a. 6.. 

Shell lenticular; spire depressed; outer volution flattened 
above, rounded beneath, and its two surfaces forming an obtuse 
edge; section somewhat triangular; volutions four, gradually 
enlarging; umbillicus rather large; surface marked by iinestrise. 
This fossil is usually obtained in the condition of a cast when 
it is smooth; the shell is thin and not deeply marked. Common 
in the Trenton limestone. 

P. SuBCONicA {H(dl)y pL 17, Jig. 9, 96. 

Spire elevated, and terminating in an acute apex; volutions 
4, 5; only slightly convex above; last carinated; the others sub- 
car inated near the outer and lower edge; b«neath, the outer vo 
lution is convex or swollen, and marked near the middle by a 
low ridge; surface ornamented by strisB, which are reflex ed 
near the carina and intersected by longitudinal ones, which 
together form a network of lines, or a cancellated surface; aper- 
ture subquadrate; height of the spire one and a quarter Inches. 
Trenton limestone, extending up into the Loraine shales, where 
it is the most common. 

P. QUADRICARINATA. 

This is described as having four caririna upon the last whole, 
and its surface marked with zigzag striae. Birdseye limestone. 

P. PERCARINATA {Hall). 

Spire conical, subacute, ornamented with numerous spiral 
ridges, which are crossed by light undulating stride; volutions 
three to four; umbillicus none. 

P. TURGIDA. 

Height and breadth subequal; volutions subangular; the last 
whorl inflated. Calciferous sandstone. 

P. UMBILICATA, pi. 5, g. 4, a. 6. 

The shell is disco idal or very much depressed; volutions four; 
angular; flattened above; convex below; suture caniculated; 
aperture quadrangular; umbillicus large; surface marked by 
waving striae. Birdseye and Trenton limestone. 
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P. VARICOSA {Hall). 

Volutions four; somewhat angular; ventricose; surface strongly 
striated. Birdseye limestone. 

P. NODULOSA {Hall). 

Is described by Mr. Hall as being marked by nodulose spiral 
ridges, or as having a short ascending spire. Birdseye lime- 
stone. 

P. ANTIQUATA {Holl). 

Large; subconical; wider than high. A cast only has been 
observed in the Chazy limestone. 

P. ROTULOIDES, pL 6, fig. 10. 

Volutions about four; spire depressed; wide again as high; 
outer volution concave above; convex below; margin angular, 
subacute; aperture subquadrate; umbilicus small; surface 
striated. Resembles the P. lenticularis. 

P. INDENTA {Hall)y pi. 5, fig. 5. 

Volutions three; spire acute; enlarging rapidly towards the 
aperture; aperture angulated or subrotund; surface finely striated. 
Trenton and Watertown, N. Y. 

P. AMBIGUA, pi. 5, fig. 5. 

Volutions about four; spire subacute; outer volution ventri- 
cose angulated; height and width nearly equal. 

P. UMBILICATA (flo//), pi. 5, fig. 4, a, b. 

Shell scarcely discoidal; spire small and low; outer volution 
flattened above upon the back; below it is scarcely convex; 
umbilicus large. The angularity of the outer volution and tb^ 
large unbillicus forms its most striking peculiarities. Abundant 
at Watertown in the gray Trenton limestone. 

21 
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6. Shell turreied; middU of the voluiion ornamented with a 

spiral band, 

MUKCHINSONM. 

They embrace those Pleurotomarias whose height exceeds 
their breadth, and which are ornamented with a spiral band 
and bent striae. 

M. VRNTBICOSA {Holl). 

Turreted; vohitions about five, swollen; angglated above; 
surface striated ; sti icB bent at the angle of the volution ; volutions 
taper rather rapidly from the larger one. Birdseye and Trenton 
limestones. 

M. BiciNCTA {Hall), pi. 5, fig. 6, a, 6, c, and 11. 

Spire rather elongate; subacute; volutions four or five; an- 
gular; last tricarinate; surface finely striated and bent at the 
carinse. Trenton limestone. 

M. UNIANGULATUS {Hall). 

Spire elongated; volutions about five angular; asinglespiral 
ridge ornamentis the shell, which is also traversed by fine lon- 
gitudinal lines. 

M. BEX.LTCINCTA, pi. 5, fig. 1 and 16 and 12. 

Elongated, acute, formed of about five or six volutions; sec- 
tion of the volutions rounded convex; shell ornamented by a 
flat spiral band placed iri the centre, and traversed longitudi- 
nally by zigzag stria?, which are angulated at the spiral band. 
Usually in casts and common in Trenton limestone ib J«fierson 
county, N. Y. 

M. GRACILIS. 

Narrow; very much elongated; volutions six or more; apex 
acute; the shell is ornamented by an obtuse carina, of which no 
marks are left in the cast. 

M. ABBREViATA {Hall), pi. 4, fig. 9 and 13 and pi. 4, fig. 11. 

The shell is marked by sharp angles, between which the 
/surface is convex and striated. Rare in the Uirdseye limestone. 
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7. Spire much elongated; acute; surface covered with longi^ 
tudinal threads; aperture prolovged before, 

LoXONEMA. 

Spiral; turriculated; whorls convex; upper edge adpressed 
against the next above; without a spiral band; mouth oblong; 
attenuated above, effused below, and with a sigoQoid edge to the 
right lip; no umbilicus (?); surface covered by longitudinal 
threads or ridgcis generally arched. — Phillips, 

L. SUBFUSIFOBMIS (d'Orft.). 

Murchinsonia subfusiformis {^Hidl). 
Subfusiform; spire elongated; volutions about four or five) 
outer lip prolonged below; the casts are all compressed. It 
is five or six inches high; greatest breadth of the lower whorl 
about one and a half inches. The peculiar longitudinal threads 
of the Loxonema have not been observed, as the species has 
been found only in casts, but the form of the lip and aperture 
are those of the Loxonema. Trenton limestone. 

L. SUBELONGATA (d^Offt.), pL 6, fig. 20 

Subulites elongata (Conrad), 
Spire high or elongated; apex acute; volutions about five; 
surface flat, or only slightly convex; aperture narrow; its exact 
form remains undetermined; it is nearly three inches long, and 
scarcely half an inch \i^ide. It is distinguished by its great 
height and narrow and flat volutions. Trenton limestone^ 

L. VirTATA. 

Elongated; subfusiform; subacute; volutions four or five; ra-^ 
ther more convefx than the foregoing; aperture elongated. 
Trenton limestone. 

Analysis of the Scutibranchiata^ belonging to the lower Silu- 
rian: 

1. Shell patelliform or depressed, apex turned forward. 
Helcion. 

2. Shell convolute sul^lobose or dtscoidal, and ornamented 
with a dorsal band. Bellerophon. 
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3. Convolutions contiguous or disjointed; dorsum without the 
band. Cyrtolites. 

I. Helcion {Montfort). 

Carinaropsis. Metoptoma {Hall). 

H. subrugosa {d^Orb.). 

Metoptoma rugosa {Hall). 

Patelliform, mouth elliptical, sides nearly parallel, apex acute 
and directed forward. 

H. PATELLIFORMIS (d'Offt.). 

PL 6, fig. 1. 

Carinaropsis patelliformis {Hall). 

Patelliform, mouth wide and oval, apex acute, incurved com- 
pressed towards the back, forming rather an obtuse carina \rhich 
terminates in an incurved apex. 

H. ORBICULATUS (d'Orft.). 

Carinaropsis ofbiculatus {Hall). 

Form approaching that of an orbicula, with an acute smb- 
central apex, finely striated concentrically. 

2. Shell convolute, svbglohiform or discoidal and ornamented 

with a dorsal hand. 

Bellerophon. 

Shell convolute, symmetrical, and ornamented with a single 
or double dorsal band. 

B. expansus (d'Orft.). 
Bucania expansa {Hall). 

PI. e,fig. 7. 

Volutions about four, the last expanding rapidly into a wide 
everted semicircular mouth, obtusely carinated upon the back; 
surface of contact with the inner volution concave; section some- 
wbat pentangular. Trenton limestoue^ W^lertown^ N. Y. 
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B. BIDORSATUS (d'0r6.). 

Bucania bidorsata {Hall). 

PL 6, Jig. 8-27. 

Volutions about three, outer one expanding abruptly near the 
wide everted aperture; dorsal carina grooved on each side of a 
narrow sharp ridge; surface ornamented with striae, which are 
arched upon the back; aperture twice as wide as high; umbili- 
cus deep. Trenton limestone, Middleville, Watertown, N. Y. 

B. suLCATiNus {Emmons). 

Bucania sulcatinus {Hall). 

PI. 4, Jig. 4. 

Sides angulated; aperture round oval; surface ornamented 
by undulating, longitudinal and transverse lines, the latter 
meet upon the back, forming with each other an obtuse angle. 
Chazy limestone, Clinton county, N. Y. 

B. PUNCTiFRONs {Emmous), 

PI. 12, fig. 11 and 12. 

Bucania punctifrons {Hall). 

Shell small; volutions about three, enlarging gradually; 
outer, rounded or obtuse, back broadly rounded, covered with 
superficial lozenge shaped punctures; carinal band narrow and 
sharp; umbilicus deep. The direction of the obscure oblique 
undulations, or lines of growth, indicate the existence of a dor- 
sal sinus, of the form of that belonging to the Cyrtolites bilobus. 
Trenton limestone. 

B. ROTUNDATUS (d'Orft.), 

Bucania rotundata {Hall). 

General form rounded; outer whorl expanding towards the 
mouth, angular at the sides; surface transversely striated. The 
surface markings distinguish it from the Sulcatiaus. 
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B. IMTBXTUSi 

Dorsal band narrow and sharp; surface ordameotal by inter' 
secting slrise„of' which the longitudinal ones are rather strong; 
volutions rounded. Trenton limestone, near Watertown, Jeff, 
county, N. Y. 

B. CANCELtATUS. 

The outer whorl expanded, forming two lobes, between 
which there is a dorsal sinus; surface striated or cancellated by 
fine stride. LoraJne shales. 

B. RUGOSUS (n. 8.). 

Volutions about three, larger angulated 
and the larger part covered with striffi, 
sharply arched upon the wide, dorsal, 
grooved band at the curve, both the strice 
and band are discontinued and replaced by 
rather distant waving lines; aperture un- 
determined. (Rare.) Loraioe shales and 
sandstone, Loraine, Jefferson county, N ¥. 

3. VohiHons amiigvous or disjointed; dorsum often smooth, or 
otdy marked by ridges or a superficinl sinus; no continuous 
dorsal band. 

11. Cthtolites (Conrad). 

This genus is restricted by d'Orbiny to those ^ells which are 
destitute of a dorsal band, or have a shallow marginal sinus only. 
C. BILOBATOS {d'Orb.). 
PI. 6, fig. 2. 
Rotund and transversely flattened; height and breadth sub- 
equal; mouth large; bilobed, faintly striated. Trenton lime- 
stone, Loraine shales. Often transversely corrugated upon the 
back in old shells; but which in the Loraine shales is never 
marked in this way. 

C. ACUTtlS. 

PL 6, Jigs. 4, 5. 
The shell is compressed so as to form an acute angle upon 
the back; surface marked with fine strife. 
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C. SUBCARINATUS (d'0r6.). 

PL 6, Jigs. 25, 26. 

Somewhat patelliform; compressed or subangular towards 
the base; apex incurved; tnouth widely expanded. Trenton 
limestone. 

C. coMPREssus, pL 12, Jig. 10, 6. 

Discoidal; volutions slightly compressed and also slightly 
disjointed; sides rounded; back sharply carinated; surface orna- 
mented by sharp zigzag lamellae, which only penetrate through 
the shell. Trenton limestone. 

C. TRENTONENsis (CoTirad), p/. 5,^^. 22. 

Arcuate; curvature somewhat variable, sometimes it forms a 
short curve, in others nearly a circle, as in the annexed, fig. 38: 
Section triangular; aperture slightly compressed, 
and transversely striated, and with a shallow sinus 
upon the dorsal margin. The shell of this Species 
is quite thick, and the constriction is just below the 
aperture. 

PORCELIA ORNATA, p/. 17 y Jig. 2. 

Cyrtolites ornata {Conrad). 

Shell thick, consisting of twD or three whorls wholly exposed 
and increasing rapidly in size; whorls sharply carinated; orna- 
mented on each side with a row of twelve or fifteen ribs, which 
extend from the keel to the lateral angle; back crossed by 
elevated rows of tuberculated lines arranged nearly at right angles 
to the keel; aperture irregularly quadrangular. 

C. HLOSUM {Conrad)^ pi. 12, Jig. 4. 

Shell tapering gently to a point; volution a semicircular arch; 
surface finely and thickly striated; striae arched upon the back; 
section circular. Trenton limestone (rare). 
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ACEPHALA. 

In this class the head is wanting, it is also destitute of the 
organs of vision and of hearing. The mouth is unfurnished 
with teeth, but is supplied with fleshy lips and tentaculae 
which occupy the middle of the large mantle. Their shell or 
habitation consists of two valves. The month and the anal 
orifice being both upon the same plane but at the opposite 
extremities, the valve is naturally unsyni metrical, or in other 
words, is inequilateral: clams and oysters belong to this divi- 
sion of the Molusca 

As a reference to the parts of the shell is constantly occur- 
ring, it will be convenient to exhibit in this place the position 
of certain parts of it, which are more or less employed m the 
description and determination of species. 

This figure, from Sowerby's Conchological Manual, exhibits 




the parts and measurements of a common bivalve shell. The 
length is measured from the anterior a to p, the posterior side. 
The height is measured from the umbones, u, to the ventral 
margin. The umbones turn to the anterior part of the shell. 
In fig. A , frr 6r is the breadth measured through the umbones; tig. 
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the ligament on the posterior side; ajp^ the length. Shells of 
this division of Acephala are supposed to be placed upon the 
ventral margin, as it is here, the foot protrudes upon which the 
animal moves; and hence, a being the anterior part of the 
shell, the valve on the right hand side of the observer is the 
rights and the opposite the left valve. The Acephala are 
divided into three orders. In the first the valves are right and 
left, and the internal impression of the mantle called the 
palleal impression has a sinus at the posterior part or region. 
The clam, Venus, belongs to the order. 

The second division embraces those bivalves whose palleal 
impression is entire, and in both orders there are from two to 
four muscular impressions. The fresh water clam, Unio, and 
the mytilus belong to the second order. 

The third order comprises the shells which are wholly 
ULsymmetrical and irregular, and which lie upon the side, as 
the oyster. The muscular impressions upon the interior of the 
valves are strongly marked, and are one or two, and that of the 
palleal impression is entire. 



< ^* » » 



LAMELLIBRANCHIATA. 

1. Palleal impression with a Sinns, 

Lyonsia {Turton). 

Modiolopsis and Tellinomya {Haliy, 

Shell thin, long, oval or wedgeform; palleal sinus triangulaprj 
ligament internal. 

29 
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L. NASKTA, pi. 17, fig. 4. 

Tellinomya nasuta {Hall). 

Shell (hin, transversely < 
lindfil, inequilateral, anterior 
extremlly rounded, narrow and 
more compressed than the pos- 
terior, base witli a shallow 
sinus, umbones rather promioeDt 
and rounded, surface marked by- 
fine concentric lines. Trenton 
limestone, Miridleville. 

L. GIEBOSJ. 

PI. 14, fis. 3. 
Tellinomya gibboaa {Hall). 
Shell thin, transversely extended; the proportion of height to 
length as 2 to 3; prominent and thickened at the nmbones, 
Biniis of the base quite shallow. Trenton limestone. 

L. DiTBiA, pi. 14, Jig- 7,8, 12, 13. 
Shell thin, small, inequilateral; extremities subequal, rounded, 
posterior narrow, umbones subcentral and rather thick. Com- 
mon at Loraine, Watertown, Middleville, in the Trenton lime- 
stone. 

L. ANATI.NIFOKMIS. 

Shell thin, inequilateral; extremities rounded, anterior nar> 
rower than the posterior; the latter subtruncate, oblique and , 
shallow depression on each side of the umbones. Trenton 
limestone. 

L. SANGUIXOLAEIIIDEA, pi. 14, Jig. 2. 

Shell thin, transverse, rather ovate, posterior extremity much 
narrower than the other. 

L. Trentonen&is. 

Modiolopsis Trentonensis, pi. 14, fig. 4{Hall). 
Shell thin, equivalve wide posteriorly, angle line nearly 
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straight from Ihe umbones to one half the distance towards the 
posterior extremity; surface marked by fine concentric lines. 
The shell is rather thick and cylindrical near the anterior 
extremity. Trenton limestone. 

L. SUBSPATULATrS. 

Modiolopsis subspatulatus. 

This species is distinguished by the broad expanded posterior 
extremity, the anterior being narrowed and truncate. South* 
western Virginia, northern New York. 

L. 8UBM0DI0LARIS {d^Orb.). 

PL 17, fig. 8. 

Modiolopsis modiolaris {Hall). 

Shell thin, equivalve inequilateral nearly oval, wide and ex- 
panded posteriorly, rounded and narrowed, anteriorly rounded, 
about twice as wide as high; surface marked by fine concentric 
lines of growth. Southwestern Virginia, Loraine shales. 

L. SDBTRUNCATA, pi. 17, fig. 4 {d^Orb.). 

Modiolopsis trttDcatus(fia//). 

Shell trapezoidal oblique, convex breadth one-fourth greater 
than the height: beaks near the anterior extremity which has 
the muscular impression. Loraine, southwestern Virginia. 

L. CUETA {Conrad). 
Modiolopsis curta. 

Shell orbicular, transverse, breadth about one-^fourth greater 
than the length, convex and base circular; undulations of the 
surface distinct, but not numerous. Loraine, southwestern 
Virginia. 

L. ANADONTOIDES, pi. 17, fig. 14. 

Cypricardites Sinuata {Emmons). 

Cypricardites anadontoides {Conrad). 

Shell long, oval or subelliptical convex; basal line parallel 
or nearly so with the hinge line; sides rounded, posterior 
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obliquely truncated^ concentric striae strongly marked. The 
base of noany specimens are sinuate on the line beneath the 
beak. 

L. TEBMINAL1S. 

Modiolopsis terminalis. 

This species differs from the nasutus by the position of the 
beaks, which are terminal, and a greater proportional length. 

L. NUCULIFORMIS. 

Shell small, subelliptic or subtrapezoidal, transverse extremi- 
ties subacute, beaks elevated, basal margin with a shallow 
sinus, concentric lines numerous. 

L. FAtiA, pL 14, fig. 14, 15. 

Modiolopsis faba {Hall). 

Shell small, subelliptical, constricted near the beak; umbones 
high and rather narrow, but the posterior side expands; margin 
is rounded; surface marked by fine concentric lines, and a few 
oblique ones which run from the beak to the margin. Trenton 
limestone, Jefferson county, Middleville^ 

Periploma. 

p. planulata. 

PL 17, fig. 17. 

Cleidophorus planulatus {Hall). 

Shell small, thin, convex, long, elliptical ; extremities rotmded ; 
anterior marked by a slight groove in front of the beak, which 
extends half way to the base. Loraine shales, near the bottom. 

Leda {Schumacher). 

Shell oval and prolonged into a rostrum, or becomes sub- 
rostrated, and anteriorly valves closed. Leda resembles the 
Nucula in its general form. 
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L. L8T4TA {(fOrb.). 
PI. U,Jig. 10. 
Nucula levata (^Hall). 
Stnall; the general form is oval, but in ibis respect it is vari- 
able; umbones wide or thick, beak incurved; subrostrated- 

L. POLCHELLA. 

Lyrodesma pulchella {Coniad). 
Shell small, thin, nearly round, and rather angutaled; ex' 
tremities rounded; hinge line curved, and bearing about twelve 
or thirteen teeth; surface marked by fine concentric stride. 

L, PLANA. 

Lyrodesma plana {Cotirad). 
Shell subrhomboidal, compressed; poslerior basal; margin 
lectilinear; extremity rounded; posterior margin iruncated, 

Oethonota {Conrad). 
Resemble in their exterior form the Solemya. Upon the 
cardinal side the shells have teeth and oblique wrinkles or 
plaits analagous to those seen in the genus Leda. The Ortho- 
nota undulata, iig. 41, is the type of the genus, but belongs to 
the Devonian system. 

Pig. 41. 




0, FAEALLELA, 
PL 13, Jig. 14. 
Shell extremely elongated, and very narrow; anterior ex- 
tremity rounded, and contracted just forward of the beaks; 
cardinal margin straight or gently arched; posterior extremity 
t rounded and broader than the anterior; local margin slightly 
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arcuate; beaksl Hear the anterior extremity; having an obscure 
carina; surface marked by fine concentric striae, and a few strong 
oblique wrinkles along the dorsal ridge. — Hally p. 299, Pal, 
Rep, 

O. PHOLADis [Conrad), 

Is narrow, atid marked by short undulations near the dorsal 
margin. 

O. CONTRACTA, 

Is expanded posteriorly^ and constricted or sinuate upon the 
dorsal line. 

Cypricardia. 

C. AMERICANA, pL 14, Jig. 11 (d'0/6.). 

Modiolopsis carinata {Hall), 

Shell rather small, in the form of a truncate ellipse; it is 
traversed by a sharp ridge, which extends from the beak to the 
base, and by a depression which forms a sinus upon the base, 
giving it the appearance of being constricted; posteriorly it is 
truncate; surface marked by concentric lines of growth. Tren- 
ton limestone. 

C. SUBTRUNCATA. 

Edmondia subtruncata, pi, 13, Jig, 2, 

Shell broadly oval; convex; margins rounded; rather flattened 
on the posterior slope; a broad ridge leads from the beak to 
the base; casts show a few concentric undulations. 

Cardiomorpha* 

Contains those Isocardias which are without teeth upon the 
hinge. 

C. ventricosa (d'Orft.). 

PI. U,Jig. 5, 6. 

Edmondia ventricosa. 

Broadly ovate; umbones thick and prominent; abruptly cune- 
ate. 
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C. POSTSTRIATA. 

PI. 11 J fig. 22. 

Nucula poststriata ( Hall), 

Somewhat quadrangular, and traversed by a ridge running 
from the beak to the base; posterior slope striated. Loraine 
shales. 

AVICULA. 

A. DEHissA, p/. 13, ^g. 10 (Cowrad). 

Shell quadrate, convex; wings extended as wide as the base; 
umbo rather flat; surface marked by numerous concentric lines. 
Characterizes the Loraine shales, and is found in south-western 
Virginia. 

A. SUBELLIPTICA. 

Avicula elliptica, fL 13, fig. 27. 

Shell subelliptical; anterior extremity compressed; umbones 
small; posterior wing triangular. The foregoing comprise the 
most important characters, as given by Mr. Hall. Being only a 
cast, it is indistinctly characterized. Trenton limestone. 

A. iNSUETA,p/. 17 y fig' 15 {Conrad). 

Shell rhomboidal, depressed; anterior wing short; posterior 
extended and acute; surface marked by unequal, radiating and 
concentric, or transverse lines. It is found ill the lower part of 
the Loraine shales (rare). 

A. CAHINATA. 

Pterina carinatap/. 17 ^ fig. 23 {Conrad), 
Ambonychia radiata {Hall). 

Shell ovate, extended into narrow beaks, and not very con- 
vex; wing obscure; surface marked with strong radiating striae; 
or rather with flat simple plaits; concentric undulations distant 

This species is widely extended, being found in northern New 
York, Canada, in Ohio, and southwestern Virginia. It is con- 
fined to the Loraine shales, and is the most characteristic fossil 
of the upper part of the Lower Silurian system. 
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A. TRENTONENsis {Cotirad). 

PI. 13, fig. 28, 29, 30. 

Broadly oval, and wide at base; wing greatly extended; 
sinuous upon its lower margin; anterior wing small; surface 
ornamented with longitudinal lines, which are alternately light 
and strong, concentric lines in their intersection wilh them pro- 
duce an elevation, giving the surface a cancellated appearance. 
Trenton limestone, Middleville and Watertown. 

A. suBARCUATA {d'Orb,). 

Modiolopsis arcuatus {Hall), 

Shell, disregarding the wing, ovate, and acute at the beak, 
with a proportionably wide base, which is produced in part by 
posterior expansion; below the wing there is a shallow sinus, 
as usual in this genus; surface marked by undulations; and the 
anterior slope has obsolete longitudinal lines. The wing of this 
species is very large in proportion to the body of the shell. 
The undulations resemble those upon the Posidonomya undata. 

POSIDONOMYA {BroTin). 
P. BELLISTRIATA. 

PI. 13,^. 6, 6. 
Ambonychia bellistriata {Hall). 

■ 

Shell long, ovate; length twice as great as the breadth; 
convex; beaks narrow, elevated, extended, incurved; hinge line 
straight, oblique; surface ornamented by distinct radiating strise. 
Trenton limestone. 

P. ORBICULARIS (d'Offt.). 

PL 13, fig. 18, 19, 20. 
Ambonychia orbicularis {Hall), 

Shell broadly ovate, regularly convex; expanded behind 
like an avicula; becomes narrow towards the beak, which is 
rather incurved; cardinal line straight; surface ornamented by 
rather waved longitudinal lines, and crossed by lighter or fainter 
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transverse ones; near the beak the portions of the shell show 
dotted radiating lines. The cast is the form in which it is 
usually found; it is marked by wrinkles around the beak. 
Trenton limestone, Middleville. 

P. SUBUNDATA. 

PL 13, fig. 23, 25. 

Ambonychia undata {HcJl). 

Shell ovate, subquadrate; acute at the beak, with a broad 
base; length one-fourth greater than the breadth; convex; sur- 
face marked by broad concentric undulations, and with faint 
longitudinal grooves; some specimens have a line extending 
from the beak to the base; undulations rather irregular, both 
in height and distance; surface of the shell smooth. 

P. AMYGDALINA. 

PL 13, fig. 20y 21. 

Ambonychia amygdalina {HcUl). 

Shell long, oval; nearly twice as long as wide; regularly 
convex; base and anterior margin rounded; umbones elongated; 
surface of the cast smooth, and with a few obscure undulations. 

P. OBTUSA {d'Orb.). 

Ambonychia obtusa {Hall). 

General form very much as in the preceding species; but is 
described by Mr. Hall as shorter, straighter and more obtuse 
towards the beak, with scarcely any incurvation. 

23 
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BRACHIOPODA OR PALLIOBRANCHIATA. 

§ 23. In many respects the Brachiopoda are the most interest- 
ing of all the orders which belong to the subkingdom Molusca. 
They are the oldest palaeozoa of the globe; and being most 
abundantly distributed and varied in form and clothed with more 
beauty and elegance, they have become the most attractive ob- 
jects of study with the palaeontologist. They represent the 
marine fauna of the earliest periods of the earth's history, and 
as they still exist, connect the past with the present, having 
survived all the changes which the globe has undergone. Their 
curious structure has deeply interested the zoologist, and he has 
sought in the still living representatives of this ancient order, 
an interpretation of the curious inward organization which 
many of them still retain in the fossilized state. It is singular 
that animals so small as the Brachiopoda are, should be provided 
with an organization so complete, and at the same time so full 
as to occupy most of the space which is usually allotted to the 
soft, sensitive parts. We see in their calcified spiral apparatus 
an immense development of hard matter, disproportionate, it 
would seem, to the soft, sensitive substance just alluded to, in 
which the vital functions must reside. 

§ 24. The most interesting phase, however, in which we can 
view them is, as palaeozoa, and as representatives of the different 
stages through which the earth has passed; and practically for 
the determination and comparison of the geologic stages in dif- 
ferent parts of the globe; for, as they are more widely distributed 
than most orders, they become more applicable to the purposes 
and objects of the palaeontologist. To secure the benefits, how- 
ever, which have resulted from the study of this order, it is 
necessary, in the first place, to become familiar with the charac- 
teristics of the families and other subdivisions which have been 
jnade by the gavans of the old world. 



Fig. 42. 
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§ 25. In this order we find r peculiarity in their attachment 
or mode by which they are aiTixed to other bodies. 
Most of them, for example, are provided with a 
fleshy process or peduncle, which proceeds from 
their internal hard parts, and which is attached 
to other bodies for support, as re [i resented in the 
, annexed fig. 42, It is a representation of the 
' Terebratula, and in other genera, as in this, an ori- 
fice may be found, through which a similar organ 
proceeded for the fulfillment of a like function. 
^ 36. In the internal parts, also, this order 
has another arrangement, which is common 
to the order. It is in the existence of the 
organs called the arms, which, when at rest, 
are coiled up compactly within its shell, but 
which might be unrolled and exposed at the 
will of the animal, as in fig. 43. 

§27. The mouth is not furnished with teeth; hence, it was 
not adapted to mastication, and hence, too, Ibeir food must con- 
sist of minute particles of organic matter floating in Ihe mens- 
truum inwhich they lived or now live, and which may be brought 
to the oral orifice by means of the ciliary movements which 
the arms themselves are fitted to produce. 

§28. TheBrachiopodapreservenotonly their distinctive type 
in the arrangement of the organization of the more vital parts, 
hut also very clearly exists in the structure of the shells. Prof. 
Carpenter has shown that in this respect the minute structure of 
their habitations differs essentially from the Lamell i branch iata 
or Gasteropoda. It is so characteristic that even the smallest 
particle of the shell of a Bmchiopoda can be distinguished by 
aid of the microscope from the shells of other classes- It shows 
that they worked on another plan, or followed another model 
in the construction of their dwellings. This structure can not 
always be made available to the palasontologist or zoologist, on 
account of the molecular changes which the shell has undergone. 
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§ 29. The composition of the shell is also different in this 
family from those which have been already described. There 
is more inorganic matter in them, for when submitted to the 
action of acid^:, and chemical tests, it is found to consist mostly 
of carbonate of lime. This fact goes to prove that as a class 
their rank is lower than the Gasteropoda, whose shells contain 
less inorganic matter. 

§ 30. The position of the muscular system, or that concerned 
in the opening and closing of the valves, is worthy of a passing 
notice. In the oyster and pecten, there is one large subcentral 
muscular impression; in the clam and its allied genera, there 
are two, situated at the extremeties of the shell. In the Bra- 
chiopoda, with the exception of two or three genera, the 
muscles are arranged just within the beaks of the shell, and it is 
here that palaeontologists find the most important characters for 
the determination of the genera. 

As the Brachiopoda have been worked out in greater detail 
than any of the preceding classes, I propose to place before 
the American student a brief statement of most of the subdi- 
visions as proposed by distinguished European palaeontologists.* 

§31. According to the best authority, the Brachiopoda are 
subdivided into ten families, and four subfamilies. The first 
embraces the Terebratulid^. The beak of the larger valve is 
perforated, the smaller or dorsal valve is supplied with a loop 
or calcified process for the support of the oral appendages. 
Fig. 42 shows the perforation and mode of attachment of the 
family as has been stated. No member of this family is 
known to have lived until after the Silurian period. 

2. The subfamily Strtngocephalidae. The labial appendages 
in this subfamily are supported by an extended circular calci- 
fied process or loop, from the internal margin of which nume- 
rous rays proceed toward the centre of the shell which is also 
provided with a mesial septum, The family is confined to the 
Devonian period. 

* Derived from a paper published by the Palaeontographical Society, by 
Thos. DavidsoD, Esq., vol. I, for 1853. 
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In this family the animal is supposed to have been free, that 

is, not attached by a Seshy peduncle to other bodies; the oral 

appendages were largely developed and were supported by 

Fig. 44. 




spirally ^■olied lamella. Its five genera which are embraced in 
this family are arranged in two subsections. 

Genua Spiripeb. Shell in its normal shape has an elonga- 
ted trigonal form, inequivalve with or without a mesial fold. 
Fig. 45 exhibits the elongated form as it occurs in the Spirifer 



mucronatus. This Spirifer belongs to the Devonian period. 
These beautiful external forms are accompanied with internal 
arrangements and apparatus equally beautiful and more re- 
markable Thus, fig. 44 exhibits the spiral appendages as they 
are developed in the Spirifer striatus, the type of the genus. 

The Spirifers make their appearance in the Trenton limestone 
and continue through ibe whole of the Palieozoic period. 
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Passing over Athyris pnd UDcites, we come to the genus 
Atrypa, one which makes its appearance in the lower Siluriaa 
and becomes one of the most common forms among the Pa]jeo- 
zoa of this period. 

The form of the Atrypa is circular, and may he transverse or 
elongated; the beak is incurved and has frequently a small 
round orifice, the valves are articulated 
by leeth and sockets; the dental valve 
IS coQvex or may be nearly flat; the 
socket valve is convex; the mesial folds 
may, or may not exist. The arrange- 
ment of the spiral appendages* are the 
reverse of the Spiriler, being conical, 
but nilh the apex directed in-\ard, as 
exhibited in fig. 46. 
The outline of the Atrypa is 
;. 47, though it de- 
viates in many species from this 
form. Thus, the A. lievis, fig. 
47, is slightly elongated, it is 
an upper Silurian form; the A. 
elongata, is an extremely elon- 
i one, fig. 48, and belongs 
lo base of the Devonian sys- 
tem. In regard lo the existence 

of spires in this and the genus Spirifer, it seems to require a 
favorable combination of circumstances, to preserve them, for 
it is extremely rare to find them remaining in the fossil. 




Fig. 47 




* Frpm Mr. Davidson's paper, pabliahed by the PalKoulograpliical Society. 
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Spiiugeha {(I'Orb.). 
The form of the Spirii^era is variable; it may be circular, sub- 
quadrate, transverse and globose. It has the internal spiral 
apparatus and valves articulating by teeth and sockets, a short 
incurved beak lying contiguous to the umbo of the socket vbItc, 
or separated by a dellidium in two pieces; no true area; valves 
convex and divided or not by a mesial fold or sinus; surface 
smoolh, striated or coslated and marked by numerous lines of 
growlh. There are tour pits, or mus- 
cular impressions in the smaller valve 
and a small circular aperture close to 
the extremity of the umbo, the exfre- 
mities of the spiral are directed to 
I the lateral margins of the shell. In 
f the ventral valve the dental plates 
extend downwards half across the 
shell running parallel with each 
other, showing within the latter eion- 
ed muscular impressions. David- 
son, Spirigera concentrica, fig. 49, 
belongs to the Devonian system. 





RHYKCHONEUD^. 

" The animals be- 
loDging to this or- 
der were free or fixed 
by a muscular pedicle 
issuing from an aper- 
ture under the curved 
beak of the ventral 
valve. They are sup- 
pi ied with oral appen- 
dages which are spi- 
raly rolled, supported 
/If by a pair of short 
curved processes." 

Fig. 50 exhibits the 
general form of the 
genus Rhinconetla. 

The family at present contains only three genera. The' genus 
Rhinconella exisled in the Palaeozoic seas and has come down 
toihe present lime. 

The Camiiromorpha, of which none have 
been discovered below the carboniferous sys- 
tem, and the Pentaraerus which appeared for 
the lirst time in Ihe lower part of the upper 
Silurian, fifT. 51, is of an oval elongated form 
■with both valves convex; the ventral, has an 
entire incurved beak, and also is more con- 
vex than the dorsal. In the young state 
there is a triangular fissure, but no delti- 
dium. The dorsa! valve has two distinct 
longitudinal septa, while the ventral I as 
two contiguous septa coalescing into one 
median plate. Fig. 51, «, Penlamerus galea- 
tus, shows tiie inside plates of the dorsal 
valve, and fig. & is a side view of the incurva- 
' tion of the beak; a shows the septa of the 
larger valve. 



Fig, 51. 
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§33. The shell in Ibis family is convex, piano -con vex, or 
with one valve conveic and (he other concave, following ibe 
curvature of the valve. The cardinal area beloneis to both 
valves and they have a straight hinge. The family forms a 
large proportion of the Palaiozoa of the lower Silurian system. 
It contains, as constituted by Mr. Davidson, four genera: Orlkis, 
Orlhisina, Slropkomena, and Lrptiena. 

The genus Orlkis, as now constituted, contains ihose fossils 
whose valves are usually unerjually convex, but variable in 
shape, being subcircular or qiiadrale; the socket valve is some- 
times flat, or even slightly concave; hinge I ne slraight and 
usually shorler than the width of the shell. Both valves are 
furnished with an area divided by an open triangular fissure; 
beaks incurved, but in the vrntral valve it is longest. Fig. 5? 



I 



4 



shows the -nosi common form in Ihe Orihis lestiidiiiaria. The 
internal parts of the valve furnish important i-haracteristics 
also of 'his genus. 

Fig. 53,0 b, exhibits the lecth and muscular impressions of 
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the ventral and dorsal valves; c, the most 
form of the valves in the Orthis quadrata- 

Oktbisina. 
This genus has the general form of the Orthis. The cardinal 
area is double, binge line straight, less than the nidlh of the 
shell; fissure is concealed by a convex deltidium, which is per- 
forated in a few species. The muscular impressions of the 
ventral valve are situated just within the beak in an area 
which is divided by a mesial ridge. 

Strophomena. 

This genus may be known by its flat or depressed form, its 
great expanse and diminutive thickness, its straight hinge line 
which equals the width of the shell and the conformity of the 
valves to each other, whether convex or concave. The cardinal 
area is double and crenulaled at its inner edges. The fissure in 
the larger valve is partly covered with a convex deltidium; a 
small circular orifice exists in the young shell The dental 
valve has two divergent teeth which are fitted to sockets in the 
dorsal valve. The muscular impressions are bounded by a 
circular ridge, open below, Ihrough which a low mesial ridge 
runs in the direction of t&e basal margin. 

Fig. 54, Strophomena planumbona, shows the general form of 



Fig. 55. 




the shell and cardinal area; the semicircular ridge which limits 
the muscular impressions; and fig. 55, b, is a section of the valves 
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shoving the mode id which the margin is frequently bent. Fig, 
66, a bcy tbe cardinal area. 

Shell involute, Gem i circular; ventral valve regularly convex; 
dorsal valve concave u>nforming in its curvature to the other 
valve; area double, fissure in the ventral valve partly covered 
by a deltidium. In the dorsal 
^**' valve the muscular impressions 

are large aud bordered by a low 
ridge, and which extend to two- 
thirda the length o( tbe valve, 
while they are small ia the ven- 
tral valve, and without a margin. 
Fig. 57 shows the form of the 
shells belonging to the genus. 

The genera Davidsonia, Productus and Calceola are found in 
tbe Devonian system, and, as yet, being unlcnown in the Silurian 
system, will be passed over. 

3. Shell uaarticulated, texture horny, or calcareo-corneous, 
depressed, circular, and only slightly transverse; muscular pe- 
duncle, passing through a slit or foramen excavated in the lower 
valvfl. 

CaAMAns. ■ 

The shell fixed to stones and other bodies by the substance of 
the ventral valvt. The animal is provided with spiral arms. 
The upper valve is patelliform, and without articulating pro- 
cesses; the valves and their attached muscles being so constructed 
and arranged as to slide upon each other. 

DlSCINlD^. 

Shell circular or oval, patelliform or conical, with the apex 

central or subcentral, inclining to tbe posterior margin; lower 

valve opercular, flat or subconvex, and perforated by a narrow, 

oval or longitudinal slit; valves unarticulated. It includes the 

'common Orbicula of authors. 
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DiSCINA. 

Shell circular, oval, patelliform; Ihe upper valve couical; the 
Ihe lower, Hat or convex; unarticulatetl; the surface is marked 
by lamclJose lines of growth, and radialing ones proceeding 
from the apex. The shell structure is horny, differing in this 
respect from Ihe preceding, which are calcareous. 



• 




Fig. 54 shows the form of the valves of Discina. a shows 
the lamellose structure of the upper valve, and b, the lower or 
perforated valve, 

Tbematis {Shap). 

Both valves convex; the lower with a greater convesity than 
the upper; the umho on the former is subcerted in the latter; 
sabmarginal fissure in the lower valve, oblong, and originating 
just beneath the umbo, and extending to the margin. Includes 
the Orbicula in part of authors. 

Fig. flS. ^ Fig. 55 shows the form of Ihe two valves, 

and the aperture, a, in the lower valve for 
the transmission of the pedicle. 

LlNG[JLm,T.. 

Shell horny, and fixed by a muscular peduncle, as represented 

in fig. 56 of the recent Lingula; shell unarticulated, retained 

in position by muscles only. It contains two genera, Lingula 

and Obolus. 

Fig. 56. 
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LiNOULA. 

Shell thioy equivalve, subelongate; edges parallel, or nearly 
so; apex aCute; the peduncle passes out between the shell. 

Obolus. 

Shell circular, and orbicular, equilateral, inequivalve; slightly 
transverse; depressed; unarticulated; larger valve most convex, 
and with a short, obtuse beak, and a flattened cardinal edge, or 
a false deltidium produced by lines of growth, in which the 
groove, for the transmission of pedicle is excavated. 



^m m 



8p1rweridjr. 
Atbypa. 

Synopsis of the genus: 

A. Shell smoffth, with a mesial fold or noly marked with C(m^ 
centric lines. 

B. Shell plicated; plaits simple. 

C. Shell plicated; plaits imbricated. 

A. Shell smooth, with or without a mesial fold, with or wilh^ 
t)ut concentric or radiating lines. 

A. BXTAN3 {Conrad), 
PI. lOy fig. 1 and 11. 

Shell ovate, transverse, subglobose; dorsd valve with a 
broad, deep sinus; ventral valve with a corresponding rounded 
elevation, and considerably elongated in front; beaks small, 
surface marked by concentric lines, longitudinal striae less 
distinct. Trenton limestone, Watertown. 

A. NUCLEUS, pi. 10, fig. 2. 

This specie has the general form of the A. extans> but smaller, 
beak of the ventral valve incurved and compressed over the 
dorsal valve. Its characters do not clearly separate it from the 
A. extans. 
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•A. BisuLCATA, pL 10, fig, 3, a b c d e. 

Shell small^ round, oval, unequally convex; dorsal valve 
bisculated; beak of the ventral valve incurved and close 
pressed upon the other; surface smooth, concentrically striated, 
ventral valve* with a single sulcus. Trenton limestone, Mid- 
dleville. 

A. CUSProATA. 

With the mesial fold in front, the shell triangular, laterally 
it is subglobose. 

A. ExiGUA, pL 10, Jig. 6. 

Shell small, ovate valves unequally convex, beaks of the ven- 
tral valve acute, valve itself with a ridge in the middle, dorsal 
depressed surface marked with fine concentric lines, varying 
from a line to one-fourth of an inch in length. 

A. ciRCULus, pi, 10, Jig* 7. 

Shell small, with a suborbicular form; outline circular con- 
vexity of the valves subequal; beaks subequal; surface marked 
by fine concentric lines. 

A. AMBIGUA, pi. 10, Jig, 8, 9, 8c. 

Form of the shell suborbicular, outline trigonal or subtrom- 
boidal, and of a medium size; beaks subequal; valves unequally 
convex, ventral valve regularly convex, rounded near the beak, 
sinus extending to the front margin; dorsal valve has a corre- 
sponding fold; surface marked by fine concentric lines, obscurely 
plicated; ribs plain or unimbricated. 

A. HEMIPLICATA {Holl). 

PL 10, Jig, 10. 

Shell wider than long or transverse, unequally convex, 
beaks small, ventral valve with a broad fold, plicated below and 

* I applj the term ventral valve to the one whose beak is curved aver and 
upon the other ; dorsal valve is therefore the smaU valve. 
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Avith lateral plications, none of which extend to the beak, 
mesial fold in the dorsal valve plicated, broad not deep; plica* 
tions usually two; it is also laterally and coarsely plicated upon 
the margin; surface usually smooth. There are some variations in 
form, some having wide frontal margins; in others the plica- 
tions are variable in extent, and in some the ridges bounding 
the sinus are more angulated than in others; the ventral valve 
is usually quite prominent, giving a gilbous form to the fossil. 
Trenton limestone, to which it is confined. 

A. SUBTRIGONA1.1S, pi. lO^fig. 12. 

*Form of the shell trigonal, rounded in front, which is broad 
and from which it tapers rapidly to a small beak, convexity of 
the valves subequal; ventral valve regularly convex with a 
small triangular foramen, under a slightly incurved beak; valves 
with about twenty plications of which the mesial sinus has 
three, and the corresponding fold has four. 

A. RECURVIROSTRA, pL 10, fig. 5. 

Shell small, ovoid; ventral valve regularly convex; beak 
incurved, sinus shallow and obscure, plications small and about 
twenty-four, and extending from the beak to the base. 

A. PLICIFERA, p/. ^,fig. 29. 

Shell somewhat trigonal, small, incurved and of a medium 
size; convex, but rather depressed or flattened; marginal line 
undulating; sinus shallow and not extending farther than the 
middle of the shell; plications about twenty rounded and equal, 
five or six belong to the sinus. Chazy limestone. 

A. PLENA (Hall), 
PI. 3, fig. 28. 
Shell of a medium size, rounded and convex, rather ventri- 
cose; ventral valve with the short, small beak only slightly 
incurved and close pressed upon the other; plications undivided 
and from fifteen to twenty and plane, with about four or five 
belonging to the sinus and opposite fold. Common and in beds 
of the upper part of the calciferous sandstone. 
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A. ALtlLlS, pL 3. Jig. 30. 

Shell of a medium size, rotund or convex; dorsal valve rather 
more convex than the ventral; beak small acute, and the ventral 
one incurved over the other. Plications equal, rounded and 
about twenty-four, eight of which belong to the mesal sinus 
and mesial fold; marginal line waving; occurs in the Chazy 
limestone and upper part of the calciferous sandstone. 

A. ACUTiROSTRA* 

^ ^^ Shell small or minute trigonal; plications equal, and 
about twelve or fourteen; the central one on the ventral valve 
extending half way to the beak.'* 

A. DUBiA, pL 3, Jig. 23. 

Small, wide in the middle and converging rapidly to the beak; 
beak of the ventral valve small, incurved; plications about 
thirty. Chazy limestone. 

A. SORDIDA, pL 10, Jig. 16. 

Small circular convex, ribs undivided, rendered rugose by 
intersecting lines, without a mesial fold, supposed to be a 
young shell. 

A. MODESTA {Say). 

Shell small, circular, unequally convex; dorsial valve broadly 
oval, convexity much less than the ventral valve; beak of the 
ventral valve prominent, incurved, perforated, plications about 
eighteen, four of which belong to the mesial fold. Trenton 
limestone, extending into the shales above. 

C. Ribs or plaits imbricated. 

A. iNCREBEscKNs, pL 10, fig. I3y Jrom a tox. 

Shell of the medium size, full or inflated convex^ length and 
breadth subequal, variable in form and contour; be^k of the 
ventral valve acute, perforated when young with a broad sinus 
undivided and imbricated and plaits about sixteen, with three in 
the sinus and four upon the mesial fold. 
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A. DENTATA {HoU), 

PL 10 J fig. 14. 

Shell sraall, form somewhat triangular; outline cordiform; 
valves unusually convex; plications undivided, angular, strong, 
two of which form the mesial fold; surface crossed by numerous 
imbricating lines. Trenton limestone. 
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Oethis. 

Synopsis of the genus: 

A. Ribs or plaits simple or undividedy and not imbricated. 
6. Ribs or plaits fasciculated^ or forming dusters having ^ 
common origin, and not imbricated. 

C. Ribs or plaits imbricated. 

A. OttTHis TRiCENARU {Conrad). 

Shell semicircular; cardinal area high; foramen narrow; 
cardinal line equal to the width of the shell; apex of the central 
valve elevated and pointed; beak scarcely incurved; dorsal valve 
flat circular; cardinal angles rather rounded, inside with a mesial 
ridge, extending from the socket to the opposite margin; plaits 
numerous, variable, and undivided, from twenty-five to thirty; 
the points of the ribs inside have linear indentions. 

0. PLICATELLA {Hall). 

PL 9, fig. 9, a, b. 

Shell rather small, transverse or broadly ovate; convexity of 
the valves subequal; plications merely simple, or about twenty- 
four in each valve, number variable. Trenton limestone, 

0. PECTiNELLA {Conrad). 

PL 9, fig. 10, 11, a, 6. 

Rather large, circular, sometimes transverse, obliquely con- 
vex; cardinal line rather less than the width of the shell, and 

25 
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largest upon the less convex valve; plications equal, about 
twenty-eighty and mostly simple, a few do not extend to the 
beak; a few elevated concentric lines sometimes exist near the 
margin. It appears to be confined to the Trenton limestone. 

B. Rihs or plaits dividedy sometimes fasciculaled. 

Orthis testudinaru {Dalman). . 

PL 9, fig, 1, a to i. 

Circular, rather transverse, planoconvex; cardinal line straight, 
less than the width of the shell; angles rounded; cardinal area 

I 

rather small; beak of the ventral valve prominent, slightly in- 
curved; foramen rather wide; plaits numerous, in fascicles of 
about six in each, but not constant; middle of the ventral valve 
prominent upon the umbo, against which there is a correspond- 
ing shallow sinus in the opposite valve; inside of the dorsal 
valve there is a mesial ridge, which disappears about the middle 
of the valve, or becomes less prominent. The 0. testudinaria 
is the most common Orthis of the Trenton limestone; it extends 
into the Loraine shales, where it is less abundant. 

0. suB-EQUATA (CoTirad). 
PI. 9, fig. 2. 

Differs from the 0. testudinaria in the nearly equal convexity 

of the valves. 

0. DispARiLis {Conrad). 

PI. 9, fig. 4, a, c, 6. 

Small, semicircular, concave or planoconvex; area prominent, 
or the beak of the ventral valve elevated; foramen narrow; plaits 
about twenty-eight, one-half commencing upon the umbo, tra- 
versed by numerous concentric lines. Trenton limestone. 

O. PERVERTA {Conrad). 

Small, circular; convexity of the valves unequal; area of the 
valves nearly equal; surface marked by numerous radiating 
lines, which divide upon the umbo. 
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0. FISSICOSTA (^a//). 

PL 9, fig. 7, a, b. 

Circular and transverse; cardinal line less than the width of 
the shell; beaks incurved; valves unequally convex; plaits 
about twenty; angular and divided twice or three times near the 
middle. 

0. INSCULPTA, pL 9, Jig. 12. 

This fossil is described by Mr. Hall as resupinate; dorsal 
valve depressed, convex; beak elevated, not incurved; cardinal 
line less than the width of the shell; area short; surface marked 
by fine elevated radii; bifid upon the umbo, and again bifid or 
trifid towards the margin of the shell; and transversely marked 
by strong concentric lines. The interior vascular impressions 
of the valves renders it quite doubtful whether this is an Orthis; 
the muscular impressions, and those of the vessels are quite dif- 
ferent from an Orthis. 

0. nicHOTOMA i^Hall). 

PL 9, Jig. 13. 

Convexity of the valves unequal ; plications bifurcate midway 
between the beak and the base; crenulations indistinct Blue 
limestone of Ohio. 

0. SUBQUADRATA {Holl). 

Form of the shell subquadrate; valves unequally convex; 
cardinal line much shorter than the width of the shell; angles 
rounded; foramen small; ventral valve flattened near the mar- 
gin; plications numerous, sharp, crossed by numerous con- 
centric lines, which give the appearance of having an imbricated 
structure, yet, when worn, these lines are obliterated. Blue 
limestone of Ohio, and unknown in New York. 

0. OCCIDENTALIS {Hall). 

Shell transverse, or wider than high; beak unequally convex; 
hinge line shorter than the width of the shell; beak of the ventral 
valve large, incurved, with an elevation extending from the middle 
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of the valve to the margin; mesial sinus ^^ide and shallow in 
the dorsal valve: surface marked by numerous, sharp, bifurcating 
radii. Blue limestone of the West. 

0. SINUATA (Ha//). 

Rather large; wider than high, semicircular; umbo rounded, 
prominent; beak incurved; area narrow; valves unequally con- 
vex, ventral, with a broad rounded elevation, to which the sinus 
of the dorsal valve corresponds; Surface ' marked by numerous 
radiating striae, which are somewhat crenulated. 

0. STJBJUGATA (flo//). 

The 0. subjugata is described by Mr. Hall as semioval, with 
a point somewhat produced, dorsal area large; ventral area 
narrow; dorsal (ventral) having its greatest elevation just be- 
low the beak; sides somewhat depressed, often flattened with 
a deep broad mesial depression; ventral valve convex, gibbous; 
surface marked by even rounded striae, which are dichotomous 
and trichotomous toward the margin. Blue limestone of Ohio 
and the western states. 

0. -EQUIVALVIS. 

PL 9ffig. 6. a, 6, c. 

Shell symmetrical; valve subequal; hinge line less than the 
breadth of the shell; plications above thirty, bifurcating once 
or twice. Trenton limestone. 

C. Ribs or plaits imbricated, 

Orthis Lynx, p/. 14, fig. 9, a p. 

Shell thick and comparatively massive in the old shells, form 
variable, but usually transverse, or it may be subquadrate and 
globose, frequently very thick, cardinal line usually less than the 
width of the shell; area of the valves unequal; plaits undivided 
and twenty, twenty-four thick, angular and imbricated, forming 
with each other a crenulated margin; mesial fold has four, and 
the sinus three ribs, this number is variable with age. 
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Trenton limestone. In New York the 0. lynx is much 
smaller than at the west in the blue limestone. It is widely 
distributed, being found at most, if not all the localities where 
the Trenton limestone occurs. 

0. BELLA-BUGOSA {Conrod). 

PI. 9, fig. 3, abed. 

Shell rather small, semicircular or semioval, convexity of the 
Talves iubequal, hinge line rather less than the width of the 
shell, dorsal Talve with a narrow depression in the middle, the 
ventral valre has a rather elevated beak, and slightly incurved; 
plaits numerous, bifurcating unequally and imbricated. Tren- 
ton limestone. 

Steophomeka. 
Synopsis of the genus: 

A. Longitudinally striated. 

B. Striated and transversely, lorinkled. 

S. ALTEBNATA {Conrad). 
PL 11, figs. 1, a 6 c; and fig. 3, 5, h c. 

Large, circular or semicircular; area very narrow, hinge line 
straight, sometimes the angles are bent towards the convex or 
ventral valve, where the angles of the valves become very thin; 
ventral valve perforated and bent near the middle, disc flattened 
ot only slightly convex; dorsal valve with a convex deltidium 
or boss projecting into the fissure of the ventral; surface firmly 
striated, every third or fourth being stronger and more distinct. 
Cabinet of Williams College. 

S. CAMEBATA {Courad). 

Resembles the S. deltoidea, having very nearly its propor- 
tions, striae or surface markings, but its convexity is greater than 
that of the deltoidea. 

S. DELTOIDEA. 

Shell higher than wide, somewhat deltoid, hinge line longer 
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than the shell is iivide. Ventral valve piano convex upon the 
disc and becoming convex below and with the middle of the 
marginal part produced in front, while the lateral parts are 
bent down. Cabinet of Williams College. 

S. ALTERNISTRUTA {Holl). 

Large, circular, somewhat wider than long; hinge line 
longer than the shell is wide; ventral valve with a large sub- 
convex disk, bent at one-fourth the distance from the basal 
margin to the cardinal area; striae rather coarse, subequal. 

In this species the striae are coarser than those of the alternata 
and more rugose; the ventral valve has punctures between the 
striae, while in the dorsal valve the surface appears to be marked 
by obscure transverse lines. Cabinet of Williams College. 

S. FILITEXTA {Hall). 

PL U, fig, 9, c. 

Shell large, circular, height and breadth subequal, hinge line 
prolonged beyond the margin of the shell along a projecting 
angle; dorsal valve, the muscular impressions strong, the sau- 
cer form area formed of a distinct layer of shelly matter which is 
coarsely plicated; shell punctated throughout. Cabinet of 
Williams College. 

S. PLANUMBONA {Hall). 

Semicircular hinge line extended beyond the margin of the 
shell, whole margin bent; ventral convex, dorsal valve, the fis- 
sure partly occupied by a convex deltidium; muscular impres- 
sion bordered on each side by a semicircular ridge of shelly 
matter; which is wanting in front and permits the passage of 
a mesial ridge; internal margin indented with furrows alter- 
nating with ridges along the bent border; surface striated with 
raised lines variable in strength and in thickness. Cabinet of 
Williams college. 

S. DEFLECTA {CoTirad). 
It is described by Mr. Hall as resupinate, semioval; dorsal 
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Talve slightly concave, elevated towards the beak, and deflected 
at the angles; ventral valve moderately convex, cardinal extre- 
mities deflected, cardinal area wide, and the surface has a crenu- 
lated appearance, from the crossing of the longitudinal and 
concentric lines. 

S. RECTA {Conrad). 

Shell small, semicircular, as wide again as high; cardinal 
line extended into the acute angle beyond the margin of shell; 
cardinal area narrow; strise bifurcating; surface crenulated. 
Cabinet of Williams College. 

S. sERicEA, pL II 9 Jig. 6. ab c d. 

Shell small, semicircular, depressed; hinge line longer than 
shell is wide; base line subparallel with the hinge line, or 
forms a true semicircle; fissure of the ventral often closed by 
the deltidium of the dorsal valve; perforation generally closed, 
greatest convexity immediately below the hinge line, or near 
the umbo; muscular impressions of the dorsal valve large, sub- 
quadrangular and divided by a mesial groove. Extends from 
the Trenton limestone to the Loraine shales. Most widely dis- 
tributed of the Branchiopoda. Cabinet of Williams College. 

S. SINUATA (n. S). 

pj^ gj Shell rather small, thick, stout for 

its size, semicircular, cardinal line 
equal in length and width; aperture 
open at the apex of the deltidium; 
umbro slightly elevated; ventral valve 
bent in the middle of the margin, producing a deep sinus and a 
projection or fold of the opposite valve. Concentric lines 
of growth strong, striae bifurcate at different distances be- 
between the margins. The species is one-third larger than the 
S. sericea. The sinus resembles that of the S. nasuta, or the 
Orthis sinuata. Cincenati. It belongs to the blue limestone. 
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B. Surface transversely lorinkled. 

S. TENUiSTRiATA {^Sowerhy). 

Semicircular, hinge line longer than the ^^idth of the shell; 

angles produced; ventral valve rather flat, margins bent down; 

transverse wrinkles numerous and narrow; longitudinal lines 

numerous, equal. 

DisciNrojE. 

Discina (^Lamark). 

The genus Discina, Orbicula lamellosa, is supposed by M. 

d'Orbiny not to have made its appearance prior to the Tertiary 

period. 

Orbiculoidea (d'0r6.). 

It is characterized by Mr. Davidson as suborbicular, patelli- 
form, transversely or longitudinally oval; lower valve conical 
or concave; no pedicle disk, but a narrow, oval or circular aper- 
ture, situated in ^ furrow. 

0. LAMELLOSA, fl, 8, fig. 10. 

Orbicula lamellosa {Hall). 

Rather small, circular; apex of the upper shell small, and 
situated about one-third of the breadth of the shell from the 
margin; squarmose concentric lines mark the surface. 

0. FILOSA, pi. 8, fig. 9. 

Orbicula filosa {Hall). 

Mr. Hall hesitates in referring this shell, figured in the False- 
ontology of New York, pi. 30, fig. 9, to the Orbicula. I have 
not seen this fossil, and therefore shall merely refer to the figure. 

0. TRUNCATA (u. S.). 

^g- ^^' Shell corneous, circular; apex eccentric, and 

marked with a shallow furrow, which extends one 
half the distance towards the margin: posterior 
margin truncate; cuticular surface marked by fine 
radiating lines, and rather strong concentric ones 

of growth. Trenton limestone, Middleville. Cabinet of Williams 

College. 
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Trematis {Sharp). 

Orbicella (d'0r6.). 

Shell depressed; valves unequally convex, greatest in the 
lower valve; umbo of the lower valve subcentral, of the upper, 
marginal; lower furnished with an oblong aperture for the 
transmission of the pedicle. 

T. TERMiNALis {Emmons). 

fig' ^6' 
Orbicula terminalis. 

Orbicella terminalis {d^OrL). 

Shell circular; length and breadth of the upper 
valve equal or subequal; cuticle quincuntially punc- 
tate; punctures beneath the cuticle less regular and 
more distant than upon the cuticle, but arranged 
somewhat in concentric lines; shell inflected about 
the aperture, which opens just beneath an elevated 
umbo; umbo of the upper valve marked by three longitudinal 
lines. Fig. 63 shows the surface markings. Trenton limestone 
(rare). Cabinet of Willijims College. 




LINGUUD-fi. 
LiNGULA QUADBATA. 

PL 8, fig. 4, a, b. 

Shell large, quadrilateral; sides rounded; extremities sub- 
equal; base circular or rounded; cardinal extremity subacute; 
beak submarginal with a false area; marginal line circular; 
ventral valve rather more convex than the dorsal; surface finely 
marked by concentric lines, the longitudinal ones are more 
distinct upon the cast than upon the shell. In all my specimens 
there is a longitudinal groove in the middle of the shell or upon 
the ventral valve. The sides being thin and brittle,. the mar- 
gins are often broken, so as to appear parallel, Trenton lime* 
stone. Cabinet of Williams College. 

26 
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L. ELONGATA {Holl). 

PI. 8, Jig. 5. 

Shell oval; ends subequal, cardinal one narrower than the 
basal; elevated in the centre; surface marked by fine concentric 
gtriae. — Holly Pal. Rep. 

S. PAPILLOSA (n. s.). 

^.64 

Fig^64. Umbo marginal, obtuse; surface faintly striated 

longitudinally; surface finely but irregularly papil- 
lose ; middle marked by two smooth furrows. Tren- 
ton limestone. 

L. OBTUSA, pL By Jig. 7. 

Shell ovate; sides rounded, and curving towards an obtuse 
beak; beaks produced beyond the cardinal area; concentric and 
longitudinal lines extremely fine. 

L. PRIMA {^Emmons). 

Shell small, oval, obtuse, rounded, nearly straight at the base; 
beak scarcely elevated above the surface of the wider part of 
the shell; acute; surface faintly marked with concentric lines 
of growth. Potsdam sandstone, Keeseville, High bridge, where 
it is found through a thick mass of rock for sixty or seventy 
feet Cabinet of Williams College. 

L. ANTIQUATA {EmTnOTls). 

PI' 4, Jig. 7. 

Shell ovate, rather wide near the base, begins to taper above 
the middle and terminates in a rather acute beak; the shell is 
made up of lamellose plates, somewhat longitudinally wrinkled. 
Occurs at French creek, Jeflferson county, N. Y., in a friable 
variety of Potsdam sandstone, near the top but below the Fu- 
coidal layers. 

Probably the L. prima and antiqua should canstitute but 
one species, as both vary in form and size. The L. prima is 
however much smaller, upon the whole, than the antiqaat Mr» 
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Hall remarks that L« antiqua, figured in my Geological Report of 
the Second Geological District of New York, is the L. acu- 
minata of Conrad; the figures, however, were drawn from speci- 
mens I obtained at the High bridge, and were taken from the 
Potsdam sandstone, and though enlarged, my shell represents 
the form of this species and not that of the Acuminata. 

L. ACUMINATA (Conrad). 
Pl> 4, fig. 9. 

Shell elongated, rounded at base) sides gradually converge 
to an acute and subacuminated apex; umbo rather elevated, 
forming a ridge. Calciferous sandstone. 

L. RICINIFORMIS. 

P/.8,^. 2, a,6,c. 

This species is described as oval, convex, slightly attenuated 
towards an obtuse beak, with a smooth surface and obsolete 
concentric lines, and not exceeding one-third of an inch in 
length. Trenton limestone. 

L. JEQUALIS {Hall). 

PI. 8, fig. 3. 

It has a very close resemblance to the L. ricioiformis, but is 

a little larger. 

L. CRASSA {Hall). 

PI. 8, fig. 8. 

Shell thick, broadly ovate, subacute at the beak, and wide at 
the base. The unequal convexity of the valves of this species 
can not form a distinguishing character, as it is rather common 
to many others. Trenton limestone, to which it is confined. 

Obolus. 

This genus has not as yet been discovered in the Lower Silu- 
rian rocks of New York. Dr. Owen has given several figures 
of fossils which he refers to this genus. It appears to me that 
there is «till some doubt respecting the identity of the fossils 
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which have been thus referred to, inasmuch as the lower valves 
can not, as yet, be identified among the numerous forms which 
have been illustrated in Dr. Owen^s valuable work. 



MOLUSCOIDES. 

The covering of the Tunicata not being composed of matter 
capable of being preserved, no animals of the class have been 
discovered in any formations. 

Brtozoa. 

The Bryozoa resemble the polypi in their general appearance, 
form, distribution of the organs for conveying food to the mouth, 
and in being fixed to a common calcareous or corneo-calcareous 
support, but are still more closely related to the M olusca than 
to the Zoophyte. They are supplied with ciliated tentaculae 
which surround the mouth, a digestive apparatus like the Mo- 
lusca. They are enveloped in a mantle and protected in a cell 
often composed of carbonate of lime. This cell has an opercu- 
lum, and contains a single individual. But these cells, though 
they adhere to each other and are placed upon a common axis, 
are never divided by septa radiating from the outer wall, 
and this fact will enable us to distinguish a Bryozoon from 
a coral, or Zoophyte. A coral has a single orifice for the 
reception of food and the rejection of excrementitious mat- 
ter: a Bryozoon has two, and besides, the cell of a coral 
never has an operculum. When the septa or partitions of 
a coral cell are broken down, or dissolved, as they may be in a 
fossilized state, it is then difficult to distinguish them from 
each other, but we never see the cellule of a Bryozoon with 
septate lamina. 

The number of genera belonging to the Bryozaries is not 
numerous, I shall however describe those only which are known 
in the lower Silurian system 
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Genus Ptilodictya (LoTJ^rfo/c). 

The cells are either round or rhomboidal, growing upon two 
sides of a lamellous support and arranged in a quincunx order. 

P. RAM0SA((i'0r6.). 

PL ^yfig' 1, 1 a. 
Stictopora ramosa {Hall). 

Cells on both sides, of a branching calcareous support, forming 
a crust upon which they are arranged in parallel lines, so as to 
form a quincunx order; mouths oval opening obliquely upward. 

P. LABTRINTHICA (d'Orft.). 

PI' 4, Jig, 14, 18, 22 and 3. 

Stictopora labyrinthica {Hall), 

The branching stems are flattened and flexuous, branches 
forming an axis which bear upon both sides oval cells arranged 
in quincunx order. This Bryozoon is abundant on the weath- 

■ 

ered surface of the Birdseye limestone at Chazy. 

P. ELEGANTULA {d^Orb.). 

Pl.ljfig.4t,ahcd. 

Stictopora elegantula {Hall.) 

The branching celluliferous axes are somewhat flexuose sup- 
porting oval cells arranged in close lines, upon which they 
alternate. Trenton limestone. 

P. RECTA {d^Orb.). 

Escaropora recta {Hall). 

Axis cylindrical, simply tapering, the tubes with open mouths 
and oval, margined with or inclosed in rhomboidal spaces, and 
arranged in regular lines. 

SuBRETEPORA {d^Orb.). 

Intricaria (Hall.) 

Cellules large, and arranged in single lines upon anastomos- 
' ing or dichotomous branches. 



5206 AMERICAN OEOLOOT. 

S. RETICULATA, pi. 7, Jig. 8, a b. 

Intricaria reticulata {Hall). 

Axes branching and anastomosing, sometimes regularly and 
forming thereby pentagonal or hexagonal meshes; mouths cir- 
cular and in single rows. Trenton limestone, Bridport, Vt. 

SuLCOPOR A ( d- Orb. ). 

It differs from Ptilodictya in the cells being arranged in lines 
with a furrow between them. 

S. FENESTRATA (d'OfJ.). 

Stictopora fenestrata {Hall). 

PI. 3, Jig. 5, a 6. 

Cellules in rows separated by a furrow running in the direc- 
tion of the axis of support, mouths oval or rounded. Chazy 
limestone. 

Enallopora (d'Ori.). 

Cellules projecting upon the sides of a compressed branching 
axis, and never anastomosing; cellules alternating; mouths cir- 
cular or nearly round. 

E. perantiqua {d^Orb.) 

Gorgonia perantiqua {Hall). 

PI. 7yjig. 6. a b. 

M. d'Orbiny refers to the Gorgonia perantiqua of Hall, the 
foregoing fossil. The celluliferous branches are subdivided and 
appear to proceed from a common central support. Bridport 
landing, Vt. 

Stellipora {Hall.) 

This genus is characterized by Mr. H. as being formed of a 
thick expanding crust having star shaped elevations composed 
of from four to nine rays, the upper edges of which present 
numerous elevated pores. Fig. 19, pi. 7, is referred to this 
genus under the name of S. anthoidea. Trenton limestone. 
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PTEROPODA. 

CoNULARiA {Miller), 

Shell straight pyramidal; opposite sides similar and equal; 
angles grooved; texture delicate and somewhat like a woven 
fabric; apex solid, and separated from the open shell above by 
a simple imperforate, very convex septum.* 

C. Trentonensis {Conrad). 

PL 16, Jig. 4. 

Shell pyramidal, four sided, equal, and separated by longitu- 
dinal furrows, angles of divergence of two opposite sides, about 
28^; sides ornamented by numerous parallel ridges meeting in 
the middle of each face at an angle, and forming shallow 
grooves; spaces between the ridges concave and traversed by 
other sharp ridges and interrupted by the transverse ones. 
Trenton limestone, cabinet of Williams College. 

C. GRANULATA {Holl). 

PL 16, Jig. 5. 

Angle marked by linear grooves and surface by striae, which 
are crossed by finer longitudinal ones, giving a granulated 
appearance to the shell under the microscope. — HalL Trenton 
limestone. ^ 

C. PAPILLATA {Hall). 

PL IQyJig. 6. 

It is described by Mr. Hall as gradually diminishing towards 
the apex, and as marked by regular lines of granulations, the 
spaces between which are elevated. 

C. GRACmE {Hall). 
PL 16, Jig. 7. 

Slightly arcuate; surface marked by sharp undulating trans« 
verse striae, longitudinal ones rather indistinct. 



* In the Palaeontology of New York, it is stated that the Septa are perfo- 
rate; this statement, however, requires confirmation. There is no perforation 
in a septum which is well exposed in a specimen in my collection. 
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C. HimSONIA (o. S.}. 

Pyramid elongated; sides equal or subequal; 
transverse furrows meet in the middle of a face 
at an angle of ISO". The edges of a side di- 
verge at an an angle of about 25°. Both the 
transverse and longitudinal striae are stronger 
than those of the C. trentonensis; there being 
more than twice as many in the latter as in the 
species under consideration. The markings 
have a general resemblance to the C. tren- 
tonensis, excepting that (hey are much coarser 
and the fossil is much larger. Loraine shales, 
Loraine, JcSerson county. Cabinet of Wil- 
liams College. 



CRUSTACEA. 

It embraces those animals which belong to the subkingdom 
Articulata. The more perfect orders of this subkingdom have 
a true vascular circulation and a branchial respiratioiu Their 
thorax which is covered vith a shield, conceals more or less the 
the head. The abdomen is usually composed of many joints or 
rings, but in this respect the number varies from five to seven 
pairs. There are types of Crustaceans, however, in which some . 
of the foregoing characters are effaced. 

The crabs and lobsters represent this class or subkingdom. 

Those Crustacea, however, in which the palaeontologist is most 
interested, are the Trilobites. This order of Crustacea deviates 
somewhat from the true type representing the class, rather in 
its embryo than in its mature state. They form an order, the 
species of which are closely related. They are all extinct, and 
indeed they belong to the oldest pal^eozoa of the globe. None 
are found in the Mesozoic period. The normal type of the 



Trilobite is expressed io the ordinal name which has been 
universely applied to them; thus the shield or integument which 
covers ihein is divided usuHlly into three lobes t>y mesial fur- 
rows which traverse them longitudinally and then the anterior 
part the head, the middle or abdomen, and the posterior extre- 
mity are clearly indicated by marks which are easily recog- 
nized. Thus in the Conocephalus striatus, fig. 66, A marks 
tbt head; ]}, the abdomen, and C 
^^^■^^^- the tail; the latter is usually 

called pygidium. The propor- 
tional extent of the foregoing 
parts is variable in different ge- 
nera. The tbrm of the head is 
more or less expanded into a bor- 
der, which is frequently orna- 
mented by granulations, spines or 
perforations. Behind, the head is 
limited by a kind of border which 
is called an occipital ring. The 
middle part of the head, which is 
really one of its lobes, is called a 
glabella; it is not always distinct, 
^ for in the IJIaenus crassicauda, 

pi. 18, fig. 5, the longitudinal grooves aie- very indistinct. 
The parts of the head are united by suture The prin- 
cipal suture which is seen in fig 67, forms a double curved 
Fig 67 
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t extends back \o the 
posterior angle of tbe buckler, thus y y, cheek pieces separated 
from the bead ihroiigh the principal or great suture in the cer^ 
aiiruspleurexantheinus. The vyes are apparently formed upon 
the type of the insects of the present day, consisting of fixed 
spetical lenses, which are sometimes flattened, they are large 
and nnmerous in the genus Phacops and in the Isotelus. 

This figure is an enlarged view 
of the compound eye of the Pha- 
cops macrocephalus which be- 
longs to the Devonian period, but 
the eye is not more perect, how- 
ever, than those of the Phacops 
oalicephalus and Isotelus gigas 
of the lower Silurian period. But 
many of the genera seem to be deprived of eyes, as the Atops 
and Eliptocepbaius of the Taconic system, and the Triar- 
thrus, Bei'kii of the lower Siluriau. The number of lenses is 
also variable in different genera. They are placed upon the 
great or principal suture of ihe liead, or near it. 

The abdomen is composed oJ rings which are variable in 
number in the different genera, and, indeed, in consecjuence of 
this melamorphosis, the number is variablf in certain species at 
diiferent periods of their existence. In the adult state ihe num- 
ber is constant in the same species. 

The body of the trilobite being composed of separate parts 
arranged transversely, enables it to roll itself up on its longitu- 
dinal axis, as represented in -pi. IS, figs. 6,7,8,9. Certain 
trilobites, however, iirc incapable of performing this peculiar 
movement, and of assuming the globular or spheroidal form. 

The structure of the pygidium is as variable as that of Ihe 
abdomen; the number of rings is inconstant; in the oldest tri- 
lobites, or those of the palffiozoic age, the organ bears gener- 
ally a smaller proporlion to the rest of the body than the more 
fecent; fig. 68 and 69. This is seen in tbc Atops and Paradox- 
ides, where Ihe pygidium is reduced to the smallest number of 
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elements, and in the Asaphus expaosus, pi, 18, fig. 4, of the 
Upper Silurian. 

Pictet, in his moat valuable work, " Trait^ de Paleontologie," 
proposes Ihe following modified classitication of Barrande: 

1. It^d very distinct in its conforma* 
lion from the pi/gidium, which u 
very small, atid the thorax large. It 
contains two genera, viz: Harpes, 
Jig. 66, and Paradoxides, p. 115, 
The Harpes belong to the Lower 
Silurian. It has been found in Ireland 
and Bohemia, but has not as yet been 
discovered in this country. It is re- 
loarkuble for its wide, perforated border 
of ihe cephalic shield. It is ako doubt- 
ful whether the Paredoxides has as 
yet been discovered in our rocks. 



n, Pygidium and thorax subequal. 

It contains two families: the Calymenides, and thcXychas- 
ides. A perfect example of the latter family is known in the 
Lichas boltoni of the upper Silurian, and the Pbacopiens, in fig. 
67, Pbacops limulurns. 
HI. Pygidium large, thorax small. 

It contains four families; the Trinuclides, p/. y^,fig. 1, the 
Asaphides, the .^glinides and ihe Illffinides, p/. 18, yjg-. 5. 
Fig. 70. 
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IV. The division contaias thrpe families. 
Ffe. 71. 




I, Pygidium from two to five seg- 
men's, terminating in points, as Acidap- 
sis, fig. 71. 

The second family, under this section, 
has the pygidium armed with points; 
bat the segments are more nuinerous 
than in the preceding, as the Amphion- 
ides. 

The third family, the Brontides, the 
pygidium has a very short axis, and a 
wide lateral extension, and marked by 
radiating furrows extending from the 
centre to the circumference- 



V. Head and pygidium very nearly of the same form, a 
nostus, fig. 74, d, Beyrichia, fig. 74, a, b; p. 218 



Ag- 



L Head and pygidium distinct. 

TRINUCLIDBS. 
H. Pygidium large; thorax small. 

Tr [NUCLEUS. 

Form a short ellipse; smooth surface; head largely developed, 

and bordered with a perforated limb, which terminates in long 
Spines; cephalifi shield composed of three prominent convex 
lobes; the furrows of the glabella converging towards the axis; 
thorax with six rings, those of the pygidium variable. 

ThI NUCLEUS CONCENTRICU.S. 

Pi. 17, fig. I. 
Border with three to five rows of punctures; glabella high 
and projecting; maxillary spine equals the length of the thorax 
and pygidium; spine of the glabella short, pointed; rings of 
the thorax grooved, those of the pygidium soldered and termin- 
ating in a border; rings of the axis twice as many as the sides 
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III. Pygidium and thorax subequal, 

Calymenides. 
Calyraene. Triarthrus. 

This family has about thirteen joints or segments in the 
thorax; the large suture of the well developed head terminates 
in the angle of the cheek. 

Calymene. 

The form of the shield is oval; the head larger than the py- 
gidium; and the latter is about one-half as large as the thorax; 
the crust is granulated; the front lobe of the head projecting, 
the lateral lobes of the glabella are globular and separated from 
the middle part by deep winding furrows, which nearly isolate 
them, the main furrows being divergent from the the front; the 
eyes are reticulatecf, but not well developed; the thirteen seg- 
ments of the thorax are angulated, and the ribs or lateral lobes 
are bent and rounded at the extremeties; the pygidium is con- 
vex and rounded, and its centre lobe distinct and narrower than 
the lateral lobes. Tbe Calymene senaria belongs to the Lt)wer 
Silurian, and the C. blumenbachii to the Upper Silurian. 

C. senabia {Conrad). 

PL 15, Jig. 16, and p. 216, Jig. 9. 

Shield ovate, and uniformly granulated; lobes very convex 
and prominent; posterior tubercle of the glabella very large and 
globular; the anterior very small: ribs deeply furrowed; pygi- 
dium with seven or eight segments in the middle lobe, arid five 
in the lateral; crust continuous around the middle lobe, and each 
segment is so divided by a furrow as to form a subsegment to 
each ring. If we count the apex of the middle lobe of the 
pygidium, which is really divided from the others by a shallow 
groove, there are eight, instead of seven segments. Trenton 
limestone in New York, the Blue limestone of Ohio and the 
equivalent rock in the southwest, Virginia and Tennessee. 
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Triarthrus {Green), 

Shield or crust an elongated ellipse, with the posterior ex- 
tremity narrower than the anterior; crust comparatively smooth, 
with a single r6w of tubercles in the middle in the young, but 
often obsolete in the old; furrows of the cephalic shield parallel, 
straight, and in a line with those of the thorax; eyes none; axis 
wider than the lateral lobes; thoracic rings, fourteen; rings of 
the pygidium, six in the middle lobe, and five in the lateral. 

T. BECKii {Crreen), 

Calymene beckii {Hall), 

PI. Id, fig, 12. 

Glabella nearly twice aswide as the lateral lobes, and marked by 
two equal, oblique, impressed lines upon the posterior half, which 
begin in the furrow and run obliquely downwards and inwards, 
nearly to its middle; cephalic ring distinct, with the extremities 
of the furrow parallel with the oblique impressed lines; surface 
rather finely sculptured, as it appears under the microscope, ribs 
grooved, but often appear forked and rounded; showing that 
the groove separates them into two parts, and that they are 
movable on each other. In specimens less than an inch in length 
there are fourteen or fifteen thoracic rings. 

Phacops. 

Form an elongated ellipse broad in front, broad or acute 
behind. Surface pustulose, or coarsely granulated; cephalic 
shield lunate from by the extension behind of the cheeks. Gla- 
bella separated from the eyes and cheeks by deep furrows 
convergent behind; eyes large and lunate; thoracic rings, 
eleven; rings of the pygidium variable, but terminating in a 
border. 

P. cALLicEPHALUs, pi. 15, fig. 7 a and 7. 

Form an elongated fllipse, rounded and broad in front, nar- 
row and subacute behind; glabella, with rather deep winding 
furrows separating from its body a lobe directly behind the eye. 
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which is marked by a furrow od its inner margin; front lobe 
large and rounded; posterior small, and somewhat in the form 
of a ring; rings of the lateral lobes of the thorax, grooved; 
rings in the axis of the pygidium, fourteen to fifteen, and nine 
in the lateral, terminating in a smooth border. 

IV. Illenides. 

Large smooth convex; head semielliptical or globose, usu- 
ally wider than long, or transverse; eyes distant and lateral; 
rings of the thorax simple, eight or ten; pygidium very convex 
and trilobation rudimentary. 

Illaenus crassigauda, pi. I8y fig. 5. 

Semielliptic; sides parallel, and extremities very convex and 
rounded; anterior extremity rather larger than the posterior; 
eyes prominent and placed on a line of the middle of the pleurae; 
thoracic rings, ten. Extends from the upper part of the calcife- 
rous sandstone to the trenton limestone. 

I. TEENTONENSIS, pi. 15, fig. 13. 

Form semielliptical, convex and globose; eyes distant, ]ate-> 
ral; crust marked with imbricating striae, similar to those of 
the Isotelus; ribs of the thorax linear simple or without furrows; 
trilobation none, or only rudimentary. 

Isotelus {DeKay). 

Form ellipsoidal; extremities subequal, smooth. and finely 
pustular, convex; facial suture running at the inner base of the 
prominent eyes, and terminating within the angles of the 
cheeks; eyes placed on a line with the furrows of the thoracic 
rings; thoracic rings, eight; axes wider than the pleurae; 
pygidium similar to the cephalic shield, but more obtuse; arti- 
culations soldered; margin broad. 

Isotelus gigas, pi. l^^fig. 12. 

Large extremities subtrilobate, more roundedbehind; becomes 
obtuse by age; eye piece subglobose or spherical, supported on 
the inner margin of the cheeks; rings of the thorax strongl;^ 
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furrowed upon the axial border; surface of the pygidium 
marked with maoy very shallow or obsolete transverse furrows. 
This trilobiie is tlie cbaiacieristic fossil ol tbe Treatoo lime- 
stone, being widely distributed in this or ite equivalent rock 
throughout the United States. 

v. asafhides. 
Ogvgia, 
The large taudal shield, fig, 72, has betn referred lo 




vetusta, but is more probably an Asaphus. It was found in the 
Birdseye limestone of the Mohawk valley; e f gh9, small 
variety of Caljmenesenaria; A, the eye, showing the lenses; 9, 
the folding of the thoracic shield; e, the cephalic shield; _/, 
pygidium. 

VI. Odontoplkurides. 

AcmASPIS TRENTONENSIS. 

This species has a shield sub- 
crescentiform, rounded and den- 
taled in fiont with the cheek 
,gles produced into spines; gla- 
bella quadrate, with a spine at 
the posterior margin; thorax with 
ten rings, and ornamented with a 
row of small tubercles upon tha 
ith two rings and margin spinous. 



nig. M. 



luteial lobes; pygidium i 
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ODONTOPLEURIDJE. 
CfiRAURUS. 

Large or small ; form somewhat triangular; pustulated, granu- 
lated and spinous; cephalic shield crescentiform; thoracic rings 
eleven; glabella quadrangular and four lobed; furrows forming 
the lobes extend transversely one-fourth acra<<s it; main furrows, 
separating it from the cheeks, nearly in a line with those on each 
side of the axis; eyes distant, granulated; cheeks triangular. 

C. PLEUREXANTHEMUS. 

PI. lb, fig. 1, a to k. 

Large; cephalic shield terminating behind in long, robust, 
curved spines; a shallow, or wide sinus in front; thoracic rings 
with two rows of tubercles on the axis, and three upon the pleurae, 
which are sinuously furrowed; pygidium with about four rings, 
and its lateral lobes armed with long, stout, curved spines, and 
wider than the axis; rings very prominent. Trenton limestone 
in Northern New York, in Ohio, and in Wythe Co., Virginia. 

C. VIGILANS. 

PL 16, fig. 2 ato c. 

Small, subtriangular; cephalic shield granulated, crescenti- 
form, and terminating in long, flat spines; glabella quadrangular; 
entire; thoracic rings eleven; axis wider than the pleurae; 
pygidium triangular; axis with many rings, with every third 
tuberculated, terminating in a kind of spine; lateral lobes with 
nine ribs. Trenton limestone, Middleville; this species is quite 
common. 

AcmASPis. 

Odontopleura. 
Ellipsoidal, remarkably spinous, with rows of tubercles; 
cephalic shield subcrescentiform, rounded in front; thorax with 
from eight to ten rings armed with spines; pygidium small, cir- 
cular, and with few rings and spinous. 

28 
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A. TRENTONENSIS. 

Cephalic shield dentated in front and produced into lateral 
spines; glabella subquadrate, lateral furrows in a line with 
those of the axis; pleurae with a row of tubercles; eyes smooth; 
thorax with ten rings; pygidium with Iwo rings; margins pinous. 
Trenton limestone. 



< ♦ • » » 



LYCHASIDES. 

Lychas. 

Fragments of the genus Lychas have been found in the Tren- 
ton limestone, pL 15. Jig. 2a; and probably an asaphus, p/. 15, 
Jig. 11. Also the genus Thaleops, which is closely related to 
Illaenus. 

Agnostides. 

Cephalic shield and pygidium nearly alike. 

The agnostides are small or even minute crustaceans, having 
two shields very much alike; the number of thoracic rings being 
very small, never more than two. 

Beyrichia simplex* {Jones). 
Fig. 70, a. 

It is described as broadly ovate, globose, smooth; ventral 
border rounded; dorsal border somewhat angular; hinge line 
oblique, about two thirds the length of the valve; dorsal sulcus 
faintly marked on the anterior half of the valve. The descrip- 
tion does not agree with the fossil, fig. 74, a; both borders are 
rounded, and the sulcus is variable in its depth and position. 
Reference is made to B. logani, Canada, and it is probable, from 
that reference, that it is the Canada species. Abundant in the 
Blue limestone of Ohio. 

* Journal of the Geol. Soc. of London ; toI. ix, p. 161. 
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B. REGULAKIS (n. 8.). 

Fig. 74, 6. 
^' ^5* Elliptic, smooth ; dorsal border straight, 

or nearly straight; ventral regularly round*- 
ed, with three distinct ribs; one of the angles 
is more rounded than the other, and a slight 
obliquity is observable in respect to the 

direction of the ribs. Blue 
limestone of Ohio. 




A-^^ 




da h 

R CILIATA (n. s.). 

Fig. 74, c. 
Form, an elongated ellipse, smooth, vrith a straight dorsal 
border; ventral border strongly rugose, ciliate; ribs three, and 
oblique with respect to the straight border. The cilise scarcely 
come under that denomination, as they appear too rugose when 
seen under the microscope. Blue limestone of Ohio. 

Agnostus lobatus {Hcdl). 
Fig. 74, rf. 

Small, trilobate; base and sides furnished with a narrow 
border; a small tubercle often exists near its larger extremity* 
—Hall, Pal. of Jfew York, Vol. i. 

This species, which is referred by Mr. Hall to the Hudson 
river group, is really confined to the Calciferous sandstone; the 
mass of limestone to which he refers is that rock, and contains 
numerous fragments of lilaenus, similar to one in the same rock 
at Chazy ; and also found in fragments in the Trenton limestone 
and calciferous sandstone at Greenbush. 

Cyproides. 

The animal is enclosed in a bivalve ovoid carapace, or of a 
reniform shape, supplied with a dorsal hinge, and which is com- 
pletely shut, but when open allows the extrusion of its feet and 
antennae. They are small crustaceans, some of which are micro* 
scopic 
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Cytherina subeluptica (n. s.). 
Form subelllptical, smooth; dorsum nearly straight, sometimes 
sinuate; anterior edge with an oblique truncation extending 
from the hinge to the anterior edge, and forming a kind of short 
beak; posterior and anterior edges rounded; it is about three* 
fourths of an inch long. It is abundant in the upper part of 
the calciferous sandstone, about one mile from Watertown upon 
the Black river. Fig. 75, a. 

C. crenulata (n. s«). 
y Obtusely oval, smooth, in- 

flated; hinge straight with 
the valves extended back, 
and forming, apparently, a 

groove; extremities rounded; 
anterior edge crenate. Fig. 
d e b a 75^ d, c, hinge or dorsal side. 

Trenton limestone, Middleville. 

C. SUBCYLINDRICA (u. 8.). 

It is smaller than the preceding, and of a cylindric or sub- 
quadrate form; smooth; extremities dissimilar, and without cren- 
ulations upon the edge. Fig. 75, 6. Middleville. 

Dikelocephalus {Owen). 

This new genus is described by its discoverer as having a 
semicircular, rather flat, cephalic shield; a moderately convex 
glabella, separated from the cheeks by parallel furrows, giving 
it a quadrate form, and marked by two curved furrows extending 
from side to side, and another impressed faint one on the outer 
margin; facial sutures distinct, and somewhat sigmoid. The 
ch^ek pieces are produced into spines of moderate length; rings 
of the thorax supposed to be eight, with an axis narrower than 
the lateral lobes; lateral lobes wide, plain, and without grooves; 
pygidium with seven or eight rings in the axis, and the lateral 
lobes expanded widely into a flat, grooved border, with the 
posterior corners produced. 

The large trilobite belongs to the lowest sandstones of Iowa, 
which are equivalent to the Potsdam sandstone. 



BADUTA. 
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Prof. Owen describes five species of Dikelocephalus, viz: D. 
minnesotensis, D. pepinensis, D. miniscaensis, D. lowaensis, 
D. granulosus. They all belong to the lower sandstone, No. 1; 
but some pass up into the lower magnesian limestone. Dr. 
Owen has also discovered other forms of trilobites, some of 
which constitute new genera, and a new species closely allied 
to the Isotelus gigas, having a facial suture, eyes, extremities 
and ribs similar to this common form of Trenton species; the 
eyes, too, are placed on longitudinal furrows as in Isotelus. It 
differs from the Isotelus in having its cheek produced into a 
long spine. 



RADIATA. 

• 

The kingdom contains those animals whose constituent parts 
are arranged about a centre in a radiate form. This radiate 
form is characteristic of one of the four great types upon which 
animals are created. Radiated animals are divided into three 
classes. The £chinodermata or Starfishes, the Acalepha or Jelly • 
fishes, and the Polypi or Corals. The Jellyfishes being composed 
of soft, perishable matter, are never found in a fossilized condi- 
tion. In the Lower Silurian rocks the animals belonging to the 
other two divisions occur. 

The first which I shall describe belong to the Echinodermafa^ or 
Echinodermis. The name which has been applied \o this division 
means skin with spines. These appear under three forms. 1. 
the starlike form, as the starfish of our coast. 2. The Echinidse, 
the egglike form, which are called sometimes sea-eggs; and 
3. The Holothuridse, which are mostly sack-like, and contain 
only a few, internal, semi-ossified supports, but do not occur in 
a fossilized state. * 

Only two forms of the Echinoderms are known to belong to 
the Lower Silurian period. One which is like the starfish, 
and the other which is supported upon a jointed stem, which 
was attached to the sea bottom. To ihe latter form has been 
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I 

^H applied the name Encrinile. Tlie general form of the Eocrinite 

^1 is exhibiled in the anDexed ^ood cut of the Eucatyptocrious de- 

^^L corns of the Niagara group, or Upper Siiurian. 




; form, supported on 
a stem composed of joints of 
which a few remain below; 
above, the beail is encircled bj 
arras, composed of numerous 
plates, which diminish in size; 
within this circle of arms there 
1 oral aperture or mouth; 
I the head is made up of numer- 
ous plates of a hexagonal or 
pentagonal form, sonaetimes 
heptagonal, which are fitted 
together by suture, and which, 
on thedeathof the animal, may 
separate from each other. The 
plates are variable in number; 
at the base some begin in threes, 
others in 6ves, and are somea 
times arranged in as many as 
nine series, varying from three 
to nine in the series. These 
are arranged in rows, encasing within the hard, dermic walls 
the soft parts necessary tor the performance of the vital functions 
of this peculiar organic type. A horizontal view of the elements 
composing the head is shown in pi. IS, Jig. 1,2. A detailed 
explanation will be given hereafter. 

Kncrinites appear to have been among the oldest foasils of 
the Silurian rocks. None occur in the Potsdam sandstone, but 
in the lowest layers of the Calciferoiis sandstone, not only joints 
and fragments of stems occur, disseminated through the layers of 
the rock, but entire beds of columns occur from two to fifteen 
feet thick. Some of the plates are figured, pi. 3, ftg. 9. 

As thrsc aie friiguipnls more or less broken and no well de- 
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fined combination of plates occur, or have yet been found, it is 
difficult to determine the genera and species to which they 
belong. Some of the elements of the columns belong to the 
Cystidea. Some of the plates preserve the ovarian aperture, 
and exhibit the saucerform joints of the stem. 

Of the Echinoderms, two species have been discovered by 
different individuals, and which have been described and 
figured in the Palaeontology of New York. The most distinct 
and perfect resemble a small star-fish. It belongs to the genus 
Codaster of Agassiz. Two species are described the C. matu- 
tina, and the C. tenuiradiata. The five arms of the C. matutina 
have each three rows of plates to the pelvis. It belongs to the 
Trenton limestone. The latter, the C. tenuiradiatus is known 
by a single plate, or the madreporiform tubercle, of the back of 
an asterias. PI. 3, fig. 11, is a figure of the plate. 

Glyptocrinus {Hall). 

Head conical; pelvis composed of five plates, the remainder 
are hexagonal and six-rayed, and the entire series consists of 
nine rows. The peculiar sculpturing of the plates form an ar- 
rangement which will serve to identify this beautiful fossil of the 
Blue limestone of the west. The elements of the upper part of 
the column are round with fine and stellate sculpturing upon the 
disc, the lower and larger plates are crenulated upon their 

margins. 

Hbterocrinus {Hall). 

The number of pelvic plates is five, the series is composed of 
this number throughout, but the rows vary from four to nine. 
The head is small, short, and tapers from the middle. 

H. DECADACTYLUS. 

The column is composed of pentagonal plates with stellate 
disks and a central tubercle or eminence; sides sinuous and 
margins of the disc sculptured with elevated stellate lines or 
ridges. 

It occurs in the Loraine shales. The small cylindrical heads 
are not uncommon in the fine soft slates of this formation. 
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ScYFUocRiNUS {Zenker). 
Schizocrinus {Hall.) 
The base of the series of plates, five; the head' cup form, 
and the series in six rows; hand and fingers bifurcate. 

S. NODOSUS. 

Column long, round, composed of elements of variable forms 
or patterns, according to their distance from the head. The 
most obvious character consists in the regular occurrence of 
projecting nodulose plates, or rather, their margins are some- 
what moniliform. Their discs are finely stellated. Trenton 
limestone. 

POTERIOCBIMIIS {MUler). 
The cupforiD calyce is composed of a pelvis with five plates in 
the base of the series. There are 6ve additional series, onq com- 
posed of rather large hexagonal elements, and the last heptagonal 
ones which are connected with the arm plates. 

P. ALTEBNATUS. 

Pig- ". The tentaculae are fimbriated 

the pelvic plates are narrow; 
elements of the upper part of 
the column, round and small 

!,. xJ': making a slender support Fig. 

JjY' : \ '•-!_ 77, arrangement of the plates 

7^^^ '; S^ Jin horizontal projection. 



CupcLocHiNDS {d'Orb.). 

Scyphocrinus {Hall). 

The saucer shaped pelvis is composed of five pentagonal 

pieces, and the head is made up of five series of elements. The 

five arms bifurcate. 



,o- 
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C. HETEROCOSTALIS {Hall). 

The column is round. The alternation of the plates is some- 
what peculiar as described by Mr. Hall: the first from the pelvis 
is a plate with crenulated edges; second, a thicker joint with 
a round, smooth edge; and third, a thin one with a fimbriated 
edge. Trenton limestone. 

Tentaculites flexuosus. 

Shell small, free and regularly tapering, section circular, 
surface annulated, annulations sharp and irregular in their dis- 
tance from each other; longitudinally stiiated and somewhat 
bent or flexuous. This species is about one inch long and about 
a line in its greatest diameter, from which it tapers to a point; 
it has sharp, raised annulations or sharp ridges with striae 
between. 

In the Blue limestone of Ohio, there is a perfectly straight 
one, and smaller than the flexuous one. It may be a variety of 
the latter. Trenton limestone, Loraine shales. 



ZOOPHYTES, 

Or Polypi, possess a structure which serves at once to distin- 
guish them from the Bryozoa and Sponges. The character of 
the former has been already stated, while of the latter it is 
necessary to say that their tissues are reticulated, and at the 
same time traversed by wide and winding aquiferous canals, and 
that their hard parts consist of simple spicula which are pecu- 
liar to this class of animals. 

The hard or stony tissue of polypi or corals, has been tech- 
nically called sclerenchyma. It belongs to the tegumentary 
system, or rather, it is a product of this system. The organiza- 
tion of the Zoophite being quite different from that of the 
Molusca, its hard, imperishable parts are necessarily quite dif- 
ferent. The former, has but a single orifice for the double 
purpose of the reception of food and the rejection of the excre- 
mentitious matter. Its digestive cavity is a sack, and what is 
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exteiior to the digestive surface has the property of secreting 
the sclerencbyma which begins to be formeil at a central point 
at the inferior part of the stomach. It is here Ihe process of 
calcification begins, and from this it extends upward inclosing 
the gastric cavity in a cup, or cell whose torm will vary according 
to the character of the individual whiih occupies it or is ils 
maker. The cup or cavity may be cylindrical, or broad stellate 
open throughout or closed at the bottom. Tbis cell or cavity 
in the stone corals is never perfectly simple, as the wall of; 
calcified tissue grows upward, vertical lamina forming parti- 
tions grow from the inner surface towards the centre. Their 
number is always the same in the same s|)ecies. These lamina 
or vertical plates are called stpia. If they reach the centre 
and unite, they form a kind of vertical axis to Ihe cell, which 
is the columella. The spaces between the septa are called ioculi. 
When the outer surface of calcified wall sends out ridges or J 
spines, they form casta. The whole cell with its modifications J 
forms a calire. In certain families the calice is open at both I 
ends; in others it is closed at the bottom; and in others siill, ^ 
there is a repetition of Icansverse botloms, tabula, or floors, ] 
which divide the calice into many small cells placed veitically i 
one above the other. Fig. 78 shows Ihe calice with its septa 
of the Cyathophylhum luibinatura ex- 
tending from the wall towai'ds thecen-' 
tre; the depression or the cup being- 
produced by the discomimianee sf the 
septa inwards. 

The number of chambers formed' by 
the septa is variable. They increase- 
regularly in suct:essive ciroles. Th«- 
regular primary number being six; in J 
each chamber there wilt be formetV 
other septa in succession, constituting, i 
another circle. To tbis may be added two more, forming a (hir(fc 
order ol circles. The Polypiers increase or multiply in thres' ' 
different ways, by ova, by buds and by division. The simple- 
polype is produced from ova, it js ai] isolated individual either 




Fig. 79. 
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free or fixed, the transverse section is usually round, as the Tur- 
binolia. The second mode is by buds which results in the ag- 
gregation of individuals, but each individual is perfectly distinct 
from the others; the calice is generally circular, as in fig. 79, 
the Favaatree rugosa. The last 
mode, by division or fissiparity, 
the individual is divided and 
forms two individuals, thia form 
also results in the aggregation 
I of individuals; the calice is irre- 
lar, or oval, the elongation 
being the first step towards a 
division of the individual. The 
form therefore, of the calice, to- 
gether with its mode of aggre- 
gation are important generic 
characters. The Polypiers are 
divided by M. Milne Edwards 
into three orders, the Zoantharia, 




the Jilcyonaria and the Hydraria; the two former only, are 
represented in a fossilized state. 

The general characteristics of the subkingdom Zoophita are, 
animals formed for a sedentary mode of life, being provided 
with a circle of retractile tentacuiae around the mouth, and a 
central gastric cavity with only a single oriBce, and in which 
are lodged the reproductive organs. 

The CoRALLARu which forms a subclass under Zoophyta, em- 
brace the calcareous corals which in form may be tubular, 
cyathoid or discoidal, but exclude all the cylindrical, tubular or 
horny sprigs, which bear bell shaped cells for the reception of 
contracted tentacuiae. 

The Zoanlheria embrace most of the known fossil stony 
corals. They have either a conical, tubular, simple or arbo- 
rescent forms, and an internal gastric cavity divided vertically 
by a circle of septa, radiating from the internal wall of the 
corallum. 
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Family Cyathophyplid-E. 

The family embraces those corals whose septa are incomplete, 
or septa which do not extend from the bottom to the top of the 
visceral chamber, in the form of uninterrupted lamina. 

Streptoplasma {Hall). 

" Corallum simple, and differing from Cyathophyllum by the 
structure of the wall, which is destitute of Epitheca, and covered 
with sublamellar costae."-— JMK. Edwards. 

S. EXPANSA, pL 3, fig. 6, 7, a, b. 

Small, turbinate; cup deep; septa numerous. It is often 
-worn down so as to present a forked, triangular form. Chazy 
limestone. 

Mr. Hall has described five other species belonging mostly to 
the Trenton limestone, viz: profunda, comiculumy crassa, multi' 
lamellosa, parvula. 

Family Favositidje. 

" The coral is formed of lamellar walls, with little or no 
caenenchyma; visceral chambers divided by numerous and well 
developed complete tabulae." 

The family is divided into two tribes: 1. favositidae, the 
corallum massive, with its walls perforated and its septa rudi* 
mentary, no coenenchymae. 2. Chaetetinae, corallum massive, 
walls not perforated, neither septa nor cCBnenchymae. 

Cti-^TETES. 

The genus Chaetetes is now regarded as a fossil of Carbon- 
iferous limestone; and the fossils which had been referred to 
Fischer's genus, are now, in part, placed in Monticulipora, 
{d^Orb,), In the Chaetetes the fissiparous mode of reproduction 
prevails, while in the Monticuliparous, the mode of reproduction 
is gemmiparous. 



* Coenencliyma ; it is the cellular mass formed upon the outside of the wall 
of the coraUum. 
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MoNTICULIPORA {d'Orb.). 
Monliculipora pelropolitana. 
Favosites lycopodites (Vanuxem), 
Chietetes lycoperdon of various authors, in part, 
^^ ^^ The species is thus defined, by MM* 

liMwards and J. Haimes. Corallum in 
general, free; basal plate flat or con' 
caTe, and coinplete])' covered with 
concentrically wrinkled Epilbeca; 
upper surtace regularly convex; 
tabula complete and horizontal. 
The calices are unequal in size, polygonal, soiuelimes round; 
the largest one-fifth of a line in diameter; the floors and tabuls 
are about one-twelfth of a line apart. The fossil is one of the 
most common in the Trenton limeslone, 

' pavistella {Halt). 

Coral massive, cellu- 
lar hexagonal; septa 
about twelve; cell walla 
r with interposed Cffinen- 
chyma. 

■^^y^.. mmW^ im Corallum bemisphe- 

rie, spheroidal; the cell 
SS^TS"^^^?^ W^f&^S ^ ^'^^ soldered, and the 

A^lQtl^Q HH|||JBCT and are not separable, 

like the Favosite; Ta- 
bulie nearly direct. Lo- 
raine shales. Fig. SI. 

COLUMNARIA [Golllfuss). 
C. ALVEOLATA. 

PI. i, fig. 10. 
Corallum massive, convex; calices arranged in parallel radia* 



&wS 




Pig. 82. 
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ling columns; hexagonal; walls furrowed and separable, and 
without ccenenchyma; septarareljif ever meet and Ibrtn a colum- 
ella, often obsolete. Chazy and Birdseje limestone. 

Receptaculites neptuni. 
PL 14, Jig- 1- 

This fossil is described by Mr. Hall as suborbicular, heiii- 
spherii:al; depressed in the centre; it presents a series of 
quadrangular cells, within which there is a vertical, cylindrical 
tube opening upwards; opening not entirely circular, 

R. ciRCULABts (n. s,),Jig. 82. 

This coral is in the 
form of a thick, flat- 
tened ring, studded with 
circular cells, arranged 
regular lines travers- 
^,^ing it rather obliquely. 
I It belongs lo the Loraine 
shales. 

AuLOPOEA {Goldfuss). 

Aulopora arachnoidea, _;ig. 83. 

Parasitic, fine and web-like, ramifying, branching; branches 

anastomosing with each other; tubes linear, narrow, enlarged 

at the point where the oval, slightly elevated, mouth is placed. 

Figure very much magnified. Trenton limestone. 

Fig. 83. 
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Graptolites. 

Diplograpsus pristis. 

Graptolites dentatus {Vanttxem^s Report). 

PL 12, Jig. 3. 

Stem narrow; serrations acute; numerous varieties occur in 
which the serrations are more obtuse; the stem widens near its 
distal extremity, and is subject to variations from causes which 
affect the integrity of the rock in which it occurs. Utica slate. 



PLANTS OF THE LOWER SILURIAN ROCKS. 

The plants which have hitherto been discovered in the lower 
Silurian rocks, are without doubt marine. They are mostly in 
the condition of casts; the interior parts being replaced by 
amorphous matter We have not as yet found any in which 
the tissues are preserved, so as to afford us any clue to their 
siructure. This is not all, it is the stem only which is preserved, 
its form being more or less distorted, while the softer and more 
perishable parts, the leafy appendages, are rarely met with. 

The stems are more or less round, but somewhat flattened. 
These casts usually exist in an entangled thicket, so as to ob- 
scure still more their most common characteristics. 

In the lower part of the calciferous sandstone we meet with 
the first beds of these obscure plants, which occur in what have 
been called fucoidal layers. The presence of these beds proves 
that a marine vegetation must have been luxuriant in certain lo- 
calities. The fact itself, the existence of beds in the early 
palaeozoic period, is that which most interests us. This, taken in 
connection with the probable fact that no land plant existed in 
the lower Silurian period, is one of the most decisive proofs that 
there has been a progression in the order of creation and that that 
progression may be observed as well in the vegetable as in the 
animal kingdom. It is admitted by our most acute and learned 
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zoologists that marine animals and plants have a lower grade 
of organization than the terreslrial, and hence that they take a 
lower rank in ihe scale of being. 

FucoiDES DEUissiTS {Conrod). 
Phytopsis tubulosum {Hall). 
In the Birdseye limestone the rbaracleristic fossil has been 
referred to the vegetable kingdom. I allude to the Fucoides 
demissus of Conrad, the Fhytopsis tubulosum of Hall. 



Fig. 84. 




In my Geological Report 

of the second district of New 
York, I expressed the opin- 
ion that this fossil belohged 
rather !o the animal than the 
vegetable kingdom. It cer- 
tainly has few characters in 
common with the vegetables, 
whether we regard its exter- 
nal form, its growth, anasto- 
mosis or its internal struc- 
ture. In connection with 
these peculiarities, I observed 
upon its surface at many places open circular cells which, under 
the microscope appeared to be connected with its internal cel- 
lular structure. These cells, it is true, miiy be incrusting ones; 
and foreign to the fossil, still, they appear connected at their 
bases and sides with the structure of the fossil. If so, it appears 
that the Phylopsis may be. a Bryczoon, inasmuch as those 
cells which appear attached to its external surface belong to 
this division of the Molusca. It is clear, howt;ver, that it is 
not a coral. 

PI. ■i, fig. 12, 13, exhibits its mode of growth traversirg a 
bed vei'licHlIy, anatomosing and diverging without showing that 
it has a main axis of development like a plant. Fig. 84 ex- 
hibits its structure obscurely, as it appears when upon the 
weathered surface of the Birdseye limestone. 



APPENDIX, 

Containing additional Descriptions of Fossils of the Ta- 
conic and Lower Silurian Systems. 



GASTEROPODA. 

Strafakollus flanistria {Hall). 

PL 4, Jig. 16, 17. 

Shell small, depressed; volutions three or four; outer volu- 
tion sharply angular; striae flat and plain. 

Bellerophon profundus. 

PI. \ljig. 7. 

Volutions about three, contiguous, marginated, direct, gradu- 
ally increasing in size; umbilicus deep; aperture somewhat 
lunate. Watertown, in the lower part of the Trenton limestone. 

Pleurotomaria percarinata. 

PL 5, Jig. 7. 

This fossil is found in the Trenton limestone at Middleville, 
associated with Atrypa hemiplicata, Cyrtolites corapressus, 
and C. trentonensis, fig. 22. The gasteropoda of this locality 
though numerous, are rarely smooth and perfect, and hence 
there is some difficulty in identifying them. 

P. SUBTILISTRIATA. 

PL e, Jiff. 11, 12. 

Small, conical; spire depressed; volutions four or five; 
smooth, or the striae extremely fine; aperture transverse and 
subtriangular. Trenton limestone. 

30 
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DiSCOLITES (n. g). 

Shell minute, discoid; volutions one or two; texture corneo- 
calcareous; section circular, or apparently so; aperture round; 
no dilatation. 

D. MINT7TUs(n. s). 

Shell microscopic, convolute, very thin, smooth, glossy, 
brown and fragile; volutions direct, scarcely contiguous; um- 
bilicus distinct, smooth. It occurs rather abundantly in the 
Blue limestone of Cincinnati, associated with Berichia. 



< ♦♦ » » 



ACEPHALA. 

Cardiomorpha SUBANGULATUS. 

PI 12 fig, 7. 

Edmondia subangulatus {Hall), 

Shell large, wide; ventral margin wide, rounded; umbones 
rather prominent and thick or obtuse; no incurvation, promi- 
nence of the umbones extending in a low ridge towards the 
ventral margin. Surface marked with concentric lines of 
growth. 

Lyonsia vetusta. 

Cardiomorpha vetusta {Hall). 

PI. 13, fig. 8. 

Form subrhomboidal; umbones prominent, obtuse; the con- 
centric surface lines rather strong, distant, with finer internudi- 
ate ones. 

L. MYTILOIDEA (d'Orft.). 

PI. iSy fig. lOy 11. 

Shell elongated; anterior extremity rather narrow and grad- 
ually widening towards the margin, subcylindrical; umbones 
rather prominent and narrow; surface lines fine, but none left 
upon the cast. 

L. suBLATA {d^Orb.), 

PL IS, fig. 1. 

Mr. Hall describes it as subrhomboidal, gibbous and broadly 
rounded; umbones high, obtuse, not incurved, and with a shal- 
low sinus in the margin; surface marked with imbricating 
lamina. 
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BRACHIOPODA. 

Orthis costalis i^Hall). 

PI. 3, fig. 26aband2icb. 

Valves strongly plicated; simple, valves unequally convex; 
ventral quite convex, the other rather flat; plaits about thirty- 
two, rounded; area rather large, triangular. This fossil occurs 
in thin beds in the Chazy limestone, particularly near the vil- 
lage of Chazy, Clinton county, N. Y. 

Strophomena insculpta {Hall). 
PL 3, fig. 22. 

Small, valves semicircular; margin thickened; striae sharp, 
elevated. Appear in the upper part of the calciferous sand- 
stone, but more abundant in the Chazy limestone. 

, S. FASCIATA {Hall). 

PI. 3, fig. 24. 

Semielliptical, somewhat punctated; striae bifurcate near the 
margin. Chazy limestone. 

S. LAEVIS. 

PI. 3, fig. 8. 
Rather small, semielliptical, smooth. Birdseye limestone. 

Spirifer trentonensis. 

PI. 15, fig. 20. 

The spirifer occurs in the upper or gray portion of the Tren- 
ton limestone, at Watertown. 



CRUSTACEA. 

IllaExNUS arcturus {Hall). 
PL 3, fig. 12. 

The distinctive characters appear in the width of the cepha- 
lic lobe at its junction with the thorax, the lateral extension of 
the cheek pieces, and in the more distinct development of the 
lobes of the cephalic shield. It belongs to the upper part of the 
calciferous sandstone. Chazy. 

ASAPHUS marginalis. 

PL 3, fig. 16. 

Axis with seven or eight distinct articulations; lateral lobes 
furrowed or with false articulations j margins entire. 
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ISOTELUS CAXALIS. 

PL 3, Jig. 17, 18, 19. 

The margin of the caudal shield is traversed with a rather 
deep furrow or channel; figs. 17 and 19 were found by myself 
at Chazy, in the calciferous sandstone, and were regarded by 
Mr. Conrad as new. In fig. 17 the margin only was preserved, 
the middle part having been worn away. 

ASAPHUS OBTUSUS. 

PI 3, Jig. 14. 

This fragment has received the name Asaphus obtusus, 
though too imperfect for determination. 

Calymene conradi (n. s.). 

Small, wide across the cheeks; cheek angles obtuse or 
rounded; posterior lobes of the glabella comparatively large 
and globular; thoracic lobes very convex, w^ith a row of tuber- 
cles in the furrow or between the axis and lateral lobes. Lo- 
raine shales. 



^^ • »»■ 



GRAPTOLITHINA. 
DiPLOGRAPSUS LACINIATA (u. S.). 

PI. 1, Jig. 24. 

Stem narrow, cell mouths arranged; laciniate, or gashed ser- 
rations; acute, and rather elongated. 

Glossograpsus setaceus (n. s.). 
PL 1, fig. 20. 

Stem rounded at the extremities, cell mouths or serrations 
bearing seta; serrations unequal, and in parts obsolete, or it 
may be obliterated by atmospheric influences. This species is 
evidently injured, and probably has lost its outer integument. 

DiPLOGRAPSUS. 

PL 1 , fig. 3. 

It is thin, olive green and foliaceous, but its characters too 
obscure to be determined with certainty. 

DiPLOGRAPSUS AMPLEXICAULE. 

PL 7, fig. 11 ab. 

Cell mouths situated with or upon the sheathing scales or 
folioles, which are subacute. 



DESCRIPTION OF PLATES. 



PLATE I. 

[NoTKS BESPKonifa Plati I.— Fig. 4, which li referred to Orbicala li an outside oast in a Tery 
roft slate ; it lias been Impossible to determine the toztore of the shell. It resembles an Ancjlns 
in shape and direction of the apf x, bat there are no certain marks by which I can determine 
whether the apex is directed forwards or backwards. It will probably prove to be a Helcion. 

Fig. 9. 1 hare allowed to stand as in the text a lingula, bat the state of the Talve at the umbo 
and the delicacy of the fossU, and the softneM of the rock has raised a donbt in my mind respect* 
ing its perfectioa.] 

Fig. 1. Cypricardia. 

2. Ijateral view of the mouths of cells of an indeterminate species. 

3. Diplograpsos. 

4. Orbicnla excentrica. 

5. Diplograpsos dissimilaris. 

6. Nemagrapsns elegans. 

7. do capilaris. 

8. Microdiscus qnadricostatos. 

9. lingnla? 

10. Obolus? 

11. Diplograpsos secalinns. 

12. Cladograpsns sp. indet. 

13. Diplograpsus foliosus. 

15. Cladograpsns dissimilaris. 

16. Atops trilineatus. 

17. Lingnla striatns. 

18. Eliptocephalus asaphoides. 

19. Diplograpsus ciliatus. 

20. Glossograpsus setaceus. 

21. Staurograpsus dichotomons. 
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22. Diplograpsus obliquus. * 

23. Undetermined. 

24. Diplograpsus laciniatus. 

25. Glossograpsus ciliatus. 

26. Diplograpsus rugosus. 

27. Mohograpsus elegans. 

28. Monograpsus rectus. 



Plate ii. 



Figi 1, Buthotrepliis rigida. 

2. Nereograpsus Jacksoni. 

3. Nereograpsus Deweyi. 

4. Nereograpsus lanceolata. 

5. Nereograpsus Loomisi. 

6. Nereograpsus gracilis. 

7. Nereograpsus robustus. 
8< Palseochorda marina. 



PLATE IIL 

Pig* 1. lEnallopora? 
8. a, E: aspera. 
4. a, 5 a, Sulcopora fenestrata. 

6. Straparollus sordidus (weathered). 

7. a, 7 / , 6, Streptoplasma expansa. 

8. Strophomena IsBvis. 

9. Crinoid joints and fragments. 

10. Actiuocrinus. 

11. Asterias platei. 

12. niaenus arcturus. 

13. I. Crassicauda. * 

14. Asaphus obtusus. 

15. Pygidium, asaphus ? 

16. Asaphus marginalis. 

17. Isotelus canalis. 

18. 19. I. canalis. 

20. Spine of the Ceraurus. 

21. fee, Strophomena plicifera. 

21, 22, 23. Strophomena insculpta. 

23. Atrypa dubia 

24. Strophomena fasciata. 

25. Atrypa pleva. 
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26. Orthis costalis. 

27. Atrypa aeutirostra. 

28. a b, Atrypa j)lena. 

29. Atrypa plicifera. 

30. Atr>-pa altilis. 



PLATE IV. 

Fig. 1. 1 a, and 14, Ptilodictya ramosa. 

2. Straparallus labiatus. 

3. and 14, Ptilodictya labyrintliica; 3, enlarged. 

4. Belleroplion sulcatinuH. 

5. Cast of the Orthis, testudinaria. 

6. Orbiculoidea. 

7. Lingula prima. 

8. Orthocera multicameratuH. 

9. Lingiila acuminata. 

10. Columnaria alveolata. 

11. Murchinsonia abbreviata. 

12. Fueoides demissus enlarged cells. 

13. do do 

15, StraparoUus magnus. 

16, 17. Scalites. 

18, 22. Ptilodictya labyrintliica, pores enlarged. 
21. Scalites angulatus. 
20. Scalites striatus. 



PLATE V. 

Fig. 1. StraparoUus levatus, 

2. S. complanatus. 

, 3. Crinoidean plate. 

4. Orthoceras primigenius ; 4, a 6, Pleurotomaria mnbilicata. 

5. Pleurotomaria indenta, left comer ; and P. ambigua, right comer. 

6. and 11. Murchinsonia bicincta. 

7. Pleurotomaria percarinata. 

8. 18 a 18 6, Turbo obliquus, 

12. 1 a bj Murchinsonia bellicincta. 

13. M. abbreviata. 

14. 14 a, Lituites undatus. 
17. Turbo symmetricus. 
22. Cyrtolites trentonensis ? 
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PLATE VI. 

Fig. 1. Ilelcion snbrugosa. 

2, 3, 22, 23, 24. Cyrtolites bilobatus. 

4, 5. Cyrtoltes acntus. 

7. Bellerophon expansus. 

8, 9, 27. Bellerophon bidorsatus. 

10. Pleurotomaria rotiiloides. 
13. P. lenticularis. 

11, 12. Var. subtilistriataf 

19. a 6, Turbo ventricosus. 

20. T. Americanus. 

21. Loxonema subelongata. 

25, 26. Cjrtolites subcarinatus. 



PLATE vn. 



Fig. 1. 1 a, bj dj Ptilodictja recta. 

3. tt, 6, c, Ptilodictya acuta. 

4. a to g, Ptilodictja elegantula. 

5. Enallopora x>6rantiqua. 

6. Aulopora arachnoides. 

7. 7 o, Ptilodictja ramosa. 

8. a, 6, c, Subretopora reticulata. 

9. Retopora foliacea. 

10. Stellipora antheloidea. 

11. Diplograpsus amplexicaule. 



PLATE VHL 



Fig. 1. Lingula attenuata. 

2. L. riciniformis. 

3. L. equalis. 

4. L. quadrata. 

5. L. elongata. 

6. L. curta. 

7. L. obtusa. 

8. L. crassa. 

9. Orbiculoidea filosa. 
11. 0. lamellosa. 

11. Trematis terminalis. 
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PLATE IX. 
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'ig. 1. Orthfs testndinaria, 1 a to /. 

2. O. subequata. 

3. O. bellarugosa. 

4. O. disparilifi. 
6. 0. i)erverta. 

6. 0. aequalis. 

7. O. fissicosta. 

8. 0. tricetaaria. 

9. 0. plicatella. 

10, 11. 0. pectinella. 

12. 0. inscalpta. 

13. O. dichotoma. 



''ig. 1. Atrypa extans. 

2. A. nucleus. 

3. A. bisulcata. 

4. A. deflecta. 

5. A. recurvirostra. 

6. A. exigua. 

7. A. circulus. 

8. 9. A. ambigua. 

10. A. hemiplicata. 

11. A. extans. 

12. A. subtrigonaliB. 

13. A. increbescena. 

14. A. dentata. 

15. A. modesta. 

16. A. sordida. 



PLATE X. 



PLATE XI. 

ig. 1, 5 by 3, 7. Strophomena altemata. 
2. S. planumbona. 
4. a, b, c, d, S. tenuistriata. 

6. a, bj Cj d, e,/, S. sericea. 
8. a, b, 9 c, e, S. fiUtexta. 

7, 10. S. altemistriata. 
12. S. planoconvexa. 

31 
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PLATE XU. 

Fig. 1. Endoceras proteiforme. 

2. Oncoceras constrictum. 

3. Diplograpsus pristis. 

4. Orthoceras arcuoliratnm. 4. Cjrtolites filosum. O. teretefonnw. 

6. Endoceras proteiforme. 

7. a^ by Bellerophon exlxaustus. 

10 a, 6, 5 and 11. Cyrtolites compressns. 

13, 14 a, c, dy 15 a, 6, c. Trocholites ammonius. 

12, 11, 5. Bellerophon punctifrons. 

PLATE XIIL 

Fig. 1. Ljonsia snblata. 

2. Cjpricardia subtruncata, 

3. Lyonsia subaviculoides. 

5. 6. Posidonomya bellistriata. 

7. Cardiomorpha subangulata. 

8. Lyonsia vetusta. 

13, 15. Cardiumorpha ventricosa. 

14, Orthonota parallela. 

16, 17. Cardiomorpha subtruncata. 
18, 19. Ambonychia orbicularis. 
20, 21. Posidonomya amygdalina. 

22. Posidonomya orbiculata. 

23, 25. Ambonychia snbundata. 

27. AvicnlA elliptica. 

28, 29, 30. A. trentonensis. 

31. A. subarcuata (not referred to). 

PLATE XIV. 

Fig. 1 o, 6, 1. Receptaculites neptuni. 

2. Lyonsia sanguinolaroidea. 

3. Lyonsia gibbosa. 

4. Lysonia trentonensis. 

5. 6. Cardiomorpha ventricosa. 
7, 8. Lysonia dubia. 

14, 15. Lysonia faba. 

10. Leda levata. 

11. Cypricardia americana. 
9 a to p. Orthis lynx. 
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PLATE XV. 

Pig. 1. a to 1 ik, Ceraunis plearexftnthemns, and its pwti. 

2. a to 2 e, Ceranms vigilans. 

2, 5, 18, parts of the Lichas trentonenais. 

3. cde and 7 1 a b c, Phacops calioephalos. 

4. a, head of the Trinucleus coucentricna ; 4 6, showing the length of 
the spines as it usually occurs in the Trenton limestone. 

6. Acidaspis Spiniger. 

7. a, head; and e, eye of the P. oalicephalas. 

8. and 11. Asaphus extans. 

12. Triarthros beckii. 

13. niaenns trentonensis. 

15. niaenns crassicanda. 

16. Calymene senaria. 
, 18. Pygidium. 

19. Head and parts of the Senaria, showing the direction of the great 
sntnre, and the form of the ringi. 

20. Spirifer trentonensis. 
22. Strophomena nasnta. 

PLATE XVL 

Fig. 1. lahS, varieties of the Endocen^i protelforitne showing the surface 
markings. 

4. ab cdtf, Conularia trentondnsli. 

5. a ft, C. granutaita. 

6. C. papilata. 

7. o, C. gracile. 
7> Head of the Trinucleus concentricus. 

8. Part of the head of the Ceraurus pleurexanthemui. 

9. Part of the lobe of the Isotelus gigas. 

10. Middle lobe of the head of the Isotelus. 

11. Ejnstoma of the IsoteltUiv 

12. Isotelus gigas. 

PLATE XVIL 

1. Trinucleus concentricus of the Loraine shales. 

2. Strophomena altemata. 

3. S. nasuta. 

4. Lyonsia subtroncata. 

5. Orthis orispata. 
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6. Tentaculites flexuosa. 

7. Bellerophon or Cyrtolites profundus. 

8. Pleurotomaria indenta. 

8, a 8. Lyonsia submodiolaris. 

9, and 16. Murchinsonia gracilis, cast. 
9, a 6, Pleurotomaria subconica. 

10, c, Cyrtolites bilobatus. 
10. Avicula demissa< 

12. Orthis testudlnaria of the Loraine shales; 

13. Triarthrus beckii. Utica slat*. 

13. a, Pleurotomaria lenticularis. 

14. Lyonsia anadontoides. 

15. Avicula insueta. 

16. Murchinsonia gracilis^ 

17. Periploma planulata. 

18. Lingula quadrata. * 

19. Orthocerag. 

20. Heterocrinus heterodactylus, joint.» 

21. Porcelia omata. 

22. Cardiomorpha poststriata. 

PLATE XVIII. 

Figi If and 2. Encrinal heads disputed, exhibiting the mode of distinguish-* 
ing their different elements. B, is applied to the immediate part to 
which the pelvis is attached ; E, pelvis ; F, costal plate ; S, intercos- 
tal plate ; H, scapular plate ; I, interscapular plate. 

2. K, arms Lecanacrinus macropetalus ; L, cuneiform, joint ; M, hand ; 

N, fingers. 

3. Elementary parts of the trilobite from Burmeister ; under side of the 

Asaphus cornigerus ; 4, - upper side of the same ; a, clyi)eus ; b ft, 
antennae bearing lobes; c c, lateral lobes; e e, mandibulae; //, 
indentations into which the lateral lobes are placed when the animal 
rolls itself up ; A, rectum ; d, Labrum. 

5. Illaenus crassicauda. 

6, 7, 8. Views of the Asaphus, when rolled up. 
9. Front view of the Illaenus rolled up. 
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Age of Auriferous veins, 163 
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Granite, 65 

Age of Pjrocrjstalline rocks de- 
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Agency of Water, 15-20 
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Appalachian range, 28 

Area of land, 11 

Atlantic Ocean, 11 
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Basalt, 108 
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Feldspar, comi>osition of, 49 
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Gold bearing rocks, 155 
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Himalayas, 14 

Hornblende, composition of, . . 48 

Group, 56 

Rock, 
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Pearlstone, composition of, ... . 51 
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Pyrocrystalline rocks, 44 
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Absence of Carbon, 42 

Acephala, 168-234 

Acidaspia, 212-216 

Acidaspis trentonensis, 218 

Actinoceras, 150 

Actinoceras tenuifilum, 151 

Agnostus, 219 

Ammonites, 144 

Asaphus marginalia, 235 

Asaphus, 216 

Asaphus magin&lifr, obtusus, ... 236 

Atrjpa, 182 

Atrypa laevis, 182 

Avicula demissa, 175 

subelleptica^ 175 

insueta, 175 

carinata, 175 

trentonensis, 176 

subarcuata, 176 

Aulopora arachnoides, 238 

Atrypa extans, 189 

nucleus, 189 

bisulcata, 190 
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exigua, 
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circulus, 190 

ambiguA, 190 

hemiplicata, 190 

subtrigonalid, 191 

recurvirosta, 191 

plicifera, 191 

plena, 191 

altilis, 192 

acutirostra, 192 

dubia, 192 



Atrypa sordida, 192 

" modesta, 192 

** increbescens, 192 

" dentata, 193 

Belleropbon expansus, 164 

" bidorsatus, 165 

" sulcatinus, 165 

" punctifrons, 165 

** rotundatus, 165 

'* intextus, 166 

" cancellatns, 166 

" profundus, 233 

" rugosus, 166 

" ciliatus, 219 

'* regularis, 219 

Bejrichia simplex, 218 

Brachiopoda, 178-235 

Bryozoa, 204 

Bacania, 164 

Buthotrepis, 100 

rigida, 100 

" flexuosa, 101 

" asteroides, 100 

Calymene conradi, 236 

*' senaria, 213 

Calymides, 213 

Camaromorpba, 184 

Cameroceras trentonensis, 152 

Capulus, 157 

Cardiomorpha ventricosa, 174 

" poststriata, 175 

Cephalopoda, 144 

Ceraurus pleurexanthemus, .... 217 
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Ceranms vigilans, 217 

" Chaetetes, 208 

Cladograpsiis dissimilaris, 107 

Columnaria alveolata, 229 

Cyathophillidae, 228 

Cypricardia, 113 

Conocephalus striatus, 209 

Conularia, 207 

trentonensis, 207 

granulata, 207 

papilata, 207 

-gracile, ..' 207 

hudsonia, 208 

Craniadae, 187 

Crustacea, 235-208 

Cnpolocrinus heterocostalis, . . . 225 

Cjproides, ' 219 

Cyrtolites bilobatus, 166 

" acutus, 166 

" subcarinatus, 167 

** compressus, 167 

" trentonensis, 167 

" omatus, 167 

" filosum, 167 

lerina subelliptica, 220 

." crenulata, 220 

" subcjlindrica, 220 
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Dikelocephalus, 220-221 

Diplograpsus sulcatiniis, 104 

" rugosus, 105 

'* dissunilaris, 105 

" ciliatus, 105 

" setaceus, 105 

" obliquus, 106 

" foliosus, 106 

*' laciniata, 236 

** setaceus, 236 

" ample xicaule, ... . 236 

" pristis, 231 

Discinidae, 187-200 

Discina, 188-200 

Discolites minutus, 234 
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Edmondia, 174 

Eiudopora perautiqua, 206 

Endoceras proteiforme, 151 

subcentrale, 152 

longissimum, 152 

multitubulatum, 152 

gemeliparum, 152 

annulatus, 152 

E8caroi>ora recta, 205 

Fayastne rugosa, 227 

Favistella, 220 

Pavositida, 238 

Fucoides simplex, 104 

" demissus, 232 

Gasteropoda, 153-233 

Glyptocrinus, 223 

Glossograpsus ciUiatus, 108 

" setaceus, 108 

Gomphoceras, 151 

" halii, 151 

• 

Gonioceras halii, 152 

Goniotiles, 144 

Gorge of the Metowee, 81 

" Highgate, 81 

Graptolites, 104 

Graptolithina, 236 

Harpes, 211 

Helcion, 164 

" subrugosa, 164 

" X>^telifor]m8, 164 

" orbicularis, 164 

Heterocrinus, 223 

" decadactylus, 223 

Holopea, 158 

Hydroplastic rocks, 1 

Dlaenus arcturus, 235 

" crassicauda, 215 

" trentonensis, 215 

Isotelus canalis, 236 

gigas, 215 
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Lamillibranchiata, . .^ 169 

Leda, '. 172 

" levata, 173 

" ptdchella, 173 

Lichasides, 218 

lichas, 218 

linguHdae, 188-201 

Lingnla striata, 112 

" eUiptica, 112 

" quadrata, 201 

" elongata, 202 

*» papilosa, 202 

" obtusa, 202 

" prima, 203 

" antiquata, 202 

" acuminata, 203 

" riciniformis, 203 

" aequalis, 203 

" crassa, 203 

Loxonema, . . 163 

** subfosiformis, 163 

snbelongata, 163 

vittata, 163 

Lyrodesma, 163 

Lyonsia, 169 

" nasuta, 170 

" gibbosa, 170 

" dubia, 170 

" anatiformis, 170 

'^ sanguinoloidea,.. 170 

" trentonensis, 170 

" sabspatulatns, 171 

" submodiolaris, 171 

" subtruncata, 171 

" curta, 171 

" anadontoides, 171 

" tenninalls, 172 

** nucnliformis, 172 

Lyonsia mytiloidea, 234 

" sublata, 234 

" vetusta, 234 

Maclurea, 156 

Maclurites, 156 

32 
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Marine plants, 100 

Melia cancellatus, 153 

Molusca, 143-111 

Molnscoides, 204 

Monograpsns elegans, 106 

" rectus, 107 

MonticuUpora, 229 

Murchinsonia ventricosa, 162 

bicincta, 162 

uniangulatus,. . . . 162 

beUicincta, 162 

abbreviata, 162 
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Nautilus, 144 

Nemagrapsus elegans, 109 

" capillaris, .; 109 

Nereograpsus, 110 

Jacksoni, 110 

^ Loomisi, 110 

Deweyi, 110 

gracilis, Ill 

lanceolata, Ill 

pugnus, Ill 

robustus, Ill 
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Obolus, 113-203 

Oldest sediments, 5 

Orbicula, 112 

Oncoceras constrictnm, 148 

Odontopleurides, 216 

Ogygia, 216 

Orbicella, 201 

Orbiouloidea, 200 

" lamellosa, 200 

" filosa, 200 

" trancata, 200 

Orbicula, 200 

" terminalis, 201 

Orthis, 193 

" tricenaria, 193 

" pUcatella, 193 

" pectinella, 193 

" testudinaria, 194 

** subequata, \^\ 



250 



AMERICAN 6EOLOOY. 



Orthis disparilis, 194 

** perverta, 194 

*' fissicosta, 195 

'^ insculpta, 195 

'* dichotoma, 195 

*' siibquadrata, 195 

'' occidentalism 195 

** sinuata, 196 

^' snbjugata, < 196 

" SBqaivalviB, 196 

" Ijnx, 196 

*' bellantgosa, 197 

Orthocerata, 148 

Orthoceras, 148 

primigenius, 148 

laquecatum, 149 

rectiangulatom, • . . . 149 

subaronatus, 149 

bilineatus^ 149 

teretifoimis, 149 

arcaolitatom, 149 

textile, 150 

clathzatmu, ...;<.. . 150 

anellas, 150 

undulostriatus,. . < . . 150 

amplicameratus, . . . 150 

multicameratus, 150 

strigatus, 150 

Ormocerfts, 150 

Orthonota parallela, 173 

pholadis,< 174 

contracta, 174 

Orthis costalis, 235 

Orthis, 185 

Orthisina, 186 
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Pentamerus, 148 

Periploma planulata, 172 

Perturbations earth's cjust, 4 

Phacops callicephalus, 214 

Phytppsis tubuloscum, 232 

Plants, 231 

Pleurotomaria, 159 

lenticularis, .... 160 

subconica, 160 

** quadricarlnata, . . 160 

X)ercarinata, 160 

turgida, 160 

umbilicata, 160 

varicosa, 161 

nodulosa, 161 

antiqaata, 161 

rotuloides, 161 

indenta, 161 

" ambigua, 161 

** umbillicata, .... 161 

Pleorotamaria, * 233 

subtilistriata, . . . 233 

percarinata, 233 

Porcelia omata, ,,* 167 

Posidonomja bellistriata,, 176 

orbicularis, 176 

subundata, 177 

amjgdalina, 177 

obtusa,... 177 

Peteropoda^ 207 

Quantity of rain, 7-8 

Qnartz and its associates, 53 

Quartzite, 159 

" porphvrv, 160 
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Potericriniis altejnatas, 224 

Ptilodictya ramosa, 205 

labyrinthica, 205 

elegantula, 205 

recta, 204 

Palajocliorda marina, 103 

tenuis, 103 
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Palaeozoa, 142 



Radiata, 221 

Receptaculites neptune, 230 

" circularis, 230 

Review of opinions, etc., 69 

Rocks, comp. Taconic system,. 8-17 

Roofing slate, 3H 

Hoosick, 40 

Rhinchonelidae, 184 
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dcalites'angalatas^ 154 

" striatus, 154 

*' planistria, 154 

'* stamineos, 154 

Scyphocrinus nodosus, 224 

Sections T. rocks in Virginia, . . 27 
" Harpers Ferry,,. 29 

" Hiwasse, 67 

Scutibranchiata, 163 

Spirigera, 183 

Spiriferida, 181-189 

Spirifer trentonensis, 235 

*' mucronatus, 181 

Staarograpsus dichotomoos, . . > 109 

Stictopora elegantula, 205 

" recta, 205 

" labjrinthica, 205 

SteUipora, 206 

Stomatia aoriformis, 157 

StrophomenidsB, 185-193 

Strophomena inscolpta, « 235 

" faciata, 235 

" lavis, 235 

Stropholnena, 186 

Straparollus, 156 

magnus, 156 

sordidus, 156 

matutina, 156 

uniangulatus, 157 

levatus, 157 

complanatus, 157 

labiatus, 157 

adgulatos, 157 
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Straparollns planistria, 233 

Strophomena, k 197 

altemata, 197 

camerata, 197 

deltoidea^ 197 

alteruistdata, . . . 198 

fiUtexta, 198 

planumbona, . . . 198 

dellecta, 198 

recta, 199 

sericea, 199 

sinuata, 199 

tennistriata, .... 200 

Subretepora reticulata, 206 

Subretopora fenestrata, 206 

Streptoflasma expansa, 228 

Tellinomya, 169 

Trematls terminalis, 201 

Trinuclides, 212 

Trinucleus, 212 

" concentricus, 212 

Triarthrus, 213 

" beckii, 214 

Trematis, 188 

Turbo bilix, .* 158 

obliquus, 158 

symmetricus, 158 

" ventricosus, 158 

" atuericanus, 158 

Teutaculites flexuosus, > 225 

Zoophytes, i 225 
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